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ROVAL PRECISION 





Here is the low-cost 
electronic digital computer | 
in greatest demand 


Gives you large-capacity electronic computation at desk-side 


Operating from any convenient wall outlet, the powerful LGP-30 
gives you the full flexibility of stored-program operation with an 
unusually large non-volatile memory of 4096 words — 2000 more 
than the next computer in its class! And it’s the lowest-priced com- 
plete computer your company can buy! 


Because the LGP-30 command structure and controls have been. 


remarkably simplified, you require only minimum computer ex- 
perience. What’s more, you get complete format control . . . alpha- 
numeric input-output via keyboard or punched paper tape. No 
additional equipment is required for operation although, if desired, 
a high-speed photoelectric reader — with or without mechanical 
punch — is available for system expansion. 

The greatest computer value in today’s market, the LGP-30 re- 
quires no expensive installation or air-conditioning ...may be pur- 
chased on either a sale or rental basis. Customer training is free. 
An extensive library of programs and sub-routines is available — 
as well as membership in an active users organization. Sales and 
service facilities are maintained coast-to-coast. For further infor- 
mation and specifications, write Royal McBee Corporation; Data 
Processing Division, Port Chester, N.Y. In Canada: The McBee 
Company, Ltd., 179 Bartley Drive, Toronto 16. 
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at Nutritional 
Biochemicals 


Corporation 





QUALITY 








is one of our proudest assets! 


Every biochemical we offer must meet or exceed our rigid Quality Control standards. Every chemical is 
tested for adherence to specifications. Every NBCo biochemical is of the HIGHEST possible quality com- 
mercially available ... at the lowest possible price. In addition to our reputation for high quality at a 
low price, we pride ourselves in offering the FASTEST service of any research biochemicals company: all 

orders shipped within 24 hours of receipt, and we can even provide emergency shipments within ONE hour! 
le Why not find out for yourself why we have become the nation’s leading research biochemicals organization? 


Our catalog of more than 2,500 items includes: 








@ Over 300 Amino Acids @ Enzymes — Crystalline @ Carbohydrates 

@ Over 90 Peptides @ Enzymes — Purified ®@ Purified Proteins 

@ More than 200 Nucleoproteins, @ Growth Factors @ Fatty Acids 
Purines, Pyrimidines @ Steroid Hormones @ Antibiotics 
Miscellaneous Biochemicals ®@ Biological Salt Mixtures @ Alkaloids 
Vitamins @ Biological Test Materials @ Glandular Substances 


OUR NEW MARCH 1959 CATALOG 


containing more than 2,500 items is now ready. Fill N U T p | T | 0 N A [ 
out coupon below and mail today for your free copy. 
BIOCHEMICALS 
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Also available 
MODEL PH22 


Providing the direct 
reading functions of 
the TTT-1 for all neces- 
sary pH measurements, 
but without the avto- 
matic titration feature. 






Write for complete descriptive 


literature. 


SOLD AND SERVICED IN U.S.A. BY 


WELWYN INTERNATIONAL INC. 


3355 Edgecliff Terrace 


n 


CLEVELAND 11, OHIO 


TOMATIC TITRATION 
and BATCH CONTROL 





. a high degree of both zero and amplifier stability is 
needed to permit continuous operation over protracted 
periods. Such stability is guaranteed in the Radiometer 
Model TTT-1 Automatic Titrator—designed for either labora- 
tory or industrial process control use. 


Complete and automatic control is assured by the pro- 
vision of controls adjusting the end point for not only up 
scale or down scale titrations, but also the rate at which the 
end point is approached, and a controllable delay after the 
last increment of reagent has been added. 


In addition, the TTT-1 has all the functions required of 
a general, highly accurate laboratory pH meter unaffected 
by its main function as an automatic titrator. A large 160 


mm. mirror scale provides reading accuracies down to 
+ 0.02 pH. 


It is particularly suited to long term reactions such as 
in pH Stat work. The accessory Radiometer Titrigraph 
records pH Stat or Titration curves. Other accessories are 
available to extend the usefulness of the instrument. 


Truly the most flexible Automatic Titrator available to 
the laboratory or research technician. 


RADIOMETER 


72 Emdrupvej - COPENHAGEN, DENMARK 
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More Beckman DK’s are used in more applications than all other ultraviolet recording 


spectrophotometers combined...Why? Because the DK is a laboratory workhorse. Because it’s 
simple to use and automatic. Because a complete line of accessories and a measurement range of 185 
to 3500 my make it versatile in use. Because it’s the lowest priced recording spectrophotometer avail- 
able. And because the DK is sold and serviced from over 75 locations throughout the United States. 
For detailed specifications on this outstanding Recording Spectrophotometer, contact your con- 


venient Beckman DK dealer or write us for Data File L-60-38. Beckman: 


Scientific and Process | Instruments Division 
Beckman Instruments, Inc. 
2500 Fullerton Road, Fullerton, California 


It’s a Fact: For infrared spectroscopy, the low-cost Beckman IR-5 gives automatic, high resolution analyses in 16 minutes. 











RECORD MANY 
VARIABLES 
with the 
SARGENT 
RECORDER 


CPATENTS PENDING) 


Here in one expertly designed instrument 
is a Multi-purpose Recorder that measures 
current and voltage and all other quantities 

which can be transposed into potential 
or current signals. 


THIS RECORDER FEATURES: 

18 Current Ranges—18 Potential Ranges— 
9 Chart Speeds (Time Range) 

(27 Chart Speeds with Multi-range Attachment) 

— Designed for Bench Operation 





Designed and Manufactured by 
E.H. SARGENT & CO. 


S-72150 SARGENT RECORDER..... $1725.00 





YOU CAN RECORD: 






Thermal Conductivity Dielectric Constant 
Temperature Potential 
Current Conductance 


Light Intensity 


For complete information write for Bulletin R. 


SAI 2 CS Ee N SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES @ CHEMICALS 


E.H. SARGENT & COMPANY, 4647 W. FOSTER, CHICAGO 30, ILLINOIS 
DETROIT 4, MICH, « DALLAS 35, TEXAS « BIRMINGHAM 4, ALA. « SPRINGFIELD, N. J. 
1574 SCIENCE, VOL, 129 








in scintillation counting 
if it’s critical pulse s selection you're after 


| eliminate scatter and high energy background radiation 
measure one radioisotope in the presence of another 
check on radioisotope purity 

check on scatter conditions 


/ in order to 


you'll welcome this new easy-to-use precise 


pulse- height pempormting: 


three modes of operation... 






















l — ore re 
0 ,100 
1 Lower level discrimination only | — | 
(i.e. integral counting) 0-10 
ent | as : 
Upper level selector set at 0 to 10 | a | 
res ie volts above lower level 
ities (i.e. window operation) | 0 100% 
° ; 
ial Upper level selector set anywhere ' INDEPENDENT 
4 in 0 to 100 volt range independent ! ' 
of lower level | 0-10. 
ABOVE 
| LOWER LEVEL: 
ent) fi rr le 
Actual size close-up of single-knob selector 
for the three operational modes of the Picker 
2970 Pulse-Height Analyzer. (For spectrum 
scanning we can equip the instrument with 
vo a motor-drive for the lower level.) 





This fine precision instrument is one Decade Scalers Recorders 


of the comprehensive Picker family Ratemeters Survey Meters 

of quality nuclear equipment. The line Well Counters Focusing Collimators 

includes instrumentation for every Ac Noe 

phase of diagnostic and therapeutic Scintillation Probes Spectrometers 

use of radioisotopes. High Voltage Supplies Mobile Probestands 
Scintillation Scanners Accessories and Sundries 


For particulars, call any Picker District Office—there’s 
probably one near you (see your local ‘phone book). 
Or write Picker X-Ray Corporation, 

25 South Broadway, White Plains, New York. 
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Causality 


THE PLACE OF THE 
CAUSAL PRINCIPLE 
IN MODERN SCIENCE 


By MARIO BUNGE. This searching 
essay on determinism places special 
emphasis on causal determinism — 
causality — and shows how the 
causal principle actually works in 
various departments of modern sci- 
ence. The analysis shows that the 
causal principle is neither a panacea 
nor a superstition, but a philosophi- 
cal hypothesis employed in science 
(in competition with other prin- 
ciples of determinism) that is es- 
sentially critical and self-correcting. 
39 line cuts. $7.50 


Theoretical 
Elasticity 


By CARL E. PEARSON. A compact 
and complete discussion and sum- 
mary of modern theoretical results 
and methods in elasticity — pre- 
sented in a form which does not 
require extensive mathematical ex- 
perience, including a_ particularly 
thorough treatment of thermoelas- 
ticity, elastic wave motion, and 
non-linear elasticity. $6.00 


The Common Sense 
of Science 


By J. BRONOWSKI. “Bronowski, 
who is an able mathematician, an 
imaginative director of practical re- 
search, a gifted man of letters . . . 
is uncommonly well equipped to 
treat the broad theme of his essay, 
to give it unity and clarity.” 
—Scientific American $2.00 


Learning and 
Instinct in Animals 


By W. H. THORPE. “The factual in- 
formation which this book brings 
together, and the syntheses which 
it attempts, make it required read- 
ing for anyone interested in the 
problem of learning.” — Quarterly 
Review of Biology $10.00 


Ask your bookseller 


a] HARVARD 
? ie] UNIVERSITY PRESS 
Tis Cambridge 38, Mass. 
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Letters 


Science in Israel 


The two recent editorials dealing with 
science in Israel [Science 129, 869, 995 
(1959)] have special interest to me, 
since, as a U.N. Technical Assistance 
consultant in Israel twice, I was in- 
volved in certain aspects of the prob- 
lems described. I offer a personal opin- 
ion concerning particularly the second 
editorial, “Basic research a luxury?” I 
feel that the editorial exaggerates some- 
what the actual differences in viewpoint 
which exist, and that it states the argu- 
ment from a rather unrealistic point of 
view. 

Fundamentally, I believe the question 
is not whether basic research is either a 
dispensable luxury or a vital necessity in 
Israel today, or even whether applied 
research should prevail at the expense 
of the basic. What is pertinent is the 
question of balance between the two, 
taking into account the fact that Israel 
is a small country of limited natural re- 
sources, suffering from stringent economic 
problems brought on by both heavy im- 
migrant absorption and large but neces- 
sary outlays for national defense. De- 
spite rumors to the contrary, Israel sim- 
ply does not have at this time a suffi- 
cient number of adequately trained and 
seasoned scientists to meet all of the 
present demands for’ both basic and ap- 
plied research. Thus, to some observers 
in and out of Israel, including myself, 
the greatest urgency at this particular 
moment is maximum effort in techno- 
logical development. While the vital im- 
portance of maintaining as much basic 
and long-range research as the economy 
can support is not denied, nevertheless 
the country is limited in its total scien- 
tific resources. 

Actually, the problem touched on has 
deeper sociological and emotional roots 
than the editorials indicate. The source 
of Israeli science lies in the older Euro- 
pean tradition which rewards, with so- 
cial and intellectual status, individuals 
identified with basic research. This at- 
titude is rapidly disappearing in Israel, 
but one continues to meet it there fre- 
quently enough to comprehend its major 
formative influence on the intellectual 
values and career orientation of students 
entering scientific fields. 

Finally, the editorial discussion of sci- 
ence in Israel might have pointed up a 
growing problem of major concern not 
only to Israel but also to a number of 
European countries as well. I refer to 
the extent to which these scientifically 
literate countries are being “raided” for 
scientific and technical talent by the 
United States. As a consequence, a seri- 
ous threat appears to be developing not 
only to the scientific, academic, and 
technical welfare of these small countries 





themselves but, in the longer range, also 
to the vital interest which the United 
States has in the survival and strength- 
ening of these democratic outposts. 

It seems to me that the various United 
States governmental agencies responsible 
for allocating ever-increasing sums for 
research within the United States, should 
show greater concern for the fact that 
they may be heedlessly, but nevertheless 
seriously, weakening the scientific fiber 
of the smaller nations. A leading Israeli 
scientist made the point to me that the 
interests of the United States might be 
better served if a real effort were made 
to place U.S. Government projects for 
nonsensitive or nonclassified types of re- 
search in countries with capable scien- 
tists, such as Israel and several European 
and Asiatic countries whose survival is 
vital to our interests. Such a program 
would not only yield substantial savings 
in research costs but would also permit 
these countries to improve and expand 
their scientific and academic institutions. 

A start has already been made in this 
direction by the U.S. Department of 
Agriculture, by allocating to research in 
several countries, including Israel, local 
currencies accumulating there by pur- 
chases of U.S. agricultural surpluses 
(Public Law 480). It seerns to me that 
this small beginning could be expanded 
to the mutual advantage of the United 
States and democratic countries such as 
Israel whose welfare and survival con- 
cer us. 

Max MILNER 
Kansas State University of 
Agriculture and Applied Science, 
Manhattan, Kansas 


Mating for “Hybrid Vigor” 


In his report “Hetero blood types and 
breeding performance,’ Mogens Plum 
[Sctence 129, 781 (1959)], in discussing 
his data on the matings between 310 fe- 
males and 32 males of the Holstein- 
Friesian breed, states, “The rate of sur- 
vival increased as the difference in anti- 
gens increased. The chi-square of 8.72 
is significant at 0.05 level.” This chi- 
square of 8.72 is what might be termed 
the total chi-square for his data and is 
based on 3 degrees of freedom. 

It is possible, of course, to calculate, 
from the data Plum gives in Table 1, 
three values of chi-square, based on a 
single degree of freedom each, which 
will add to 8.72. On the basis of the 
number of antigens in which mates dif- 
fered, the following independent com- 
parisons or degrees of freedom might be 
used: 1-5 versus 6-7, 1-5 plus 6-7 ver- 
sus 8-9, and 1-5 plus 6-7 plus 8-9 ver- 
sus 10-15. These comparisons and their 
chi-squares, together with other perti- 
nent information, are given in the fol- 
lowing table. 
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Looking tor 


authoritative 
answers on 
Ethylene 
Oxide 
Sterilization 
of Heat- and 
Moisture- 
Sensitive 


materials 4 

















American Sterilizer installation of large rectangular autoclave 
with automatic control for carboxide gas sterilization of heat- and 


moisture-sensitive materials. Routine sterilization with pres- 
sure steam is also accomplished automatically in this unit. Other 
equipment available ranges from the 16”’x16’’x30” self contained 
Cry-O-Therm to 60’ x 66’’x 120” single- or double-door models. 


WHY ETHYLENE OXIDE? 

As long as ten years ago, American Sterilizer 
researchers settled upon Ethylene Oxide (inerted 
with suitable diluents) as the agent of choice for 
the rapid and dependable sterilization of heat- or 
moisture-sensitive materials. Advances in such 
varied fields as pharmaceuticals, surgical supplies 
and packaging have greatly broadened the range 
of applications for which this versatile sterilizing 
agent is recommended. But they have also clearly 
signaled the need for a precise relationship be- 
tween such factors as temperature, humidity, 
pressure, exposure, concentration and diluents in 
effecting optimum conditions for each specific 
application. 


WHY AMERICAN STERILIZER? 

Our ten year study of the characteristics of 
Ethylene Oxide has been paralleled by an equally 
thorough development of instrumentation. As a 
result, American Sterilizer techniques and in- 
stallations are successfully serving an ever- 
widening range of industrial and commercial 
processes requiring the sterilization of heat- and 
moisture-sensitive materials. 

Because we have accumulated the largest body 
of data and experience in this field, we can advise 
you authoritatively. Because we offer the broad- 
est range of automatic equipment for standard or 
special application you enjoy significant benefits 
of economy and continuing efficiency. 


SEND FOR THIS FREE BASIC LITERATURE 


Basic literature on “Ethylene Oxide Sterilization for 
Industry”’ is available upon request. Engineers of our Scientific 
Division are ‘‘on call” for consultation on processes, 
techniques or packaging and Experimental and Pilot Plant 
facilities are available through our Research Division. > 


Write for Bulletin 1C-602 
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| why 

settle 

for half 
the 


picture? 


Find oui all about the NEV 


The only constant 
temperature cabinets built 
today that can offer— 


ADVANCED STYLING 

—the first truly modern design in 
its field .. . based on a long tra- 
dition of quality 


ELECTRONIC CONTROL 

—to provide instantaneous and 
trouble-free operation . .. no mov- 
ing parts to stick or fail 


TEMPERATURE RANGES 

TO 325°C 

—setting a new standard for labora- 
tory ovens and anticipating your 
future needs 


PROVEN TEMPERATURE 

UNIFORMITY 

—backed up by published test data 
showing the temperature through- 
out the entire working chamber 


EXCLUSIVE SAFETY 

DESIGN 

—including non-arcing control and 
completely shielded low watt den- 
sity black heat heater banks 

A COMPLETE LINE 

—all sizes and types ... . a model for 


every need — ovens, incubators, 
sterilizers or special purpose 








You can get the entire story— 
all the facts and figures avail- 
able now in a brand new 
catalog. 


See your distributor 
representative, or write 
today for Catalog 302 


is built by 








3735 W. CORTLAND ST. 


CHICAGO 47, ILL. 
Local Offices in Chicago + Cleveland *« New York 
Philadelphia + San Francisco « Houston 
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Summary of detailed chi-square analysis 
of data on matings between 310 females 
and 32 males of Holstein-Friesian breed, 
presented by M. Plum. 


Sum 


Comparison D/F of Fac- x? p* 
squares vo 

1-5 vs. 6-7 1 0.1675 4 0.670 NS* 
1-5 + 6-7 

vs. 8-9 1 0.0618 4 40.247 NS* 
1-5 + 6-7 + 8-9 

vs. 10-15 1 1.9511 4 7.804 01 
Total 3 2.1804 4 8.721 05 





* Level of significance; NS, not significant. 


The results presented in this table in- 
dicate that, if dissimilarity of blood anti- 
gens may be used as a guide for mating 
for “hybrid vigor,’ the number of anti- 
gens in which mates differ must be 
equal to or greater than some minimal 
or threshold number of a given group of 
breeding animals in order to achieve the 
desired effect. 

A. E. BRANDT 
Department of Statistics, 
Agricultural Experiment Stations, 
University of Florida, Gainesville 


Using Theses for Scientific 


Communication 


The increasingly critical problem of 
space limitation in scientific communi- 
cation has recently received attention in 
Science editorials [Science 127, 623, 1145 
(1958)] and comments [127, 1458 
(1958); 128, 424 (1958); 129, 118 
(1959) ]. Among the suggested solutions, 
the publication of journals in microform, 
the appearance of articles in abstract, 
and the availability of photocopies of 
desired manuscripts have all been ad- 
vanced singly or in combination. 

A letter by Phipps [Science 129, 118 
(1959)] is of especial interest because 
six attributes of a system for improve- 
ments in publication communicability 
are presented. He applied his criteria, 
however, to a seemingly radical depar- 
ture from current practices, involving 
abridged articles, abstract cards, and 
photocopies. Although his standards were 
developed as a test for a hypothetical 
system of journal publication, most of 
the criteria can be used to evaluate a 
suggestion that I wish to propose as a 
more conservative method for overcom- 
ing space limitations in professional 
journals, The criteria are: (i) capability 
of evolving from the existing system; (ii) 
reduction of delays in communicating 
results; (iii) coverage of a broad range 
of scientific interests (reversal of the 
trend toward overspecialized journals) ; 
(iv) guarantee of self-determination to 
the individual author (elimination of 
editor-referee censorial power and of 
pressure toward abridgment of source 
material); (v) guarantee of self-deter- 





mination to the individual subscriber; 
(vi) incurrence of no added cost. 

The procedure to be indicated would 
seem to be of greatest value for an ex- 
planation in full of a methodological ap- 
proach or theoretical system. It might 
have been used advantageously by one 
learning theorist who replied to critical 
reactions by saying that they “reflect a 
serious lack of understanding of the ... 
basic theoretical framework . . .” (1), 
(Part of this lack of understanding was 
ascribed to an inadequate treatment 
which resulted from space limitations in 
journals, allowing only a brief and piece- 
meal theoretical discussion.) I used this 
procedure to advantage when I designed 
a series of experiments investigating the 
comparability of a pictureless Thematic 
Apperception Test (2) to the standard 
version (3). To insure objectivity in 
these comparisons, I compiled a scoring 
manual, involving some half dozen scales 
and full illustrative protocols indicating 
their application (4). While dittoed cop- 
ies were prepared to be sent to interested 
scholars, copies will also be bound as ap- 
pendixes in theses of graduate students 
in Virginia and Texas who are making 
use of them. Such binding insures schol- 
arly permanence and availability on in- 
terlibrary loan should my supply become 
unavailable. In addition, this use of 
theses for scientific communication seems 
to meet four of Phipps criteria. For, it 
(i) is part of the existing system, (ii) re- 
duces delays in communicating informa- 
tion, (iii) guarantees complete self-de- 
termination to individual authors (the 
cost of duplicating manuscript pages is 
but a minuscule fraction of the charges 
for printing them), (iv) involves no 
added cost. The two criteria not met are 
inapplicable. Furthermore, employment 
of the thesis as a medium for scientific 
communication may increase its audi- 
ence and certainly serves to insure com- 
pleteness. The former is desirable; the 
latter is recommended (5). 

Without change in journal policy one 
may insure the full availability of ma- 
terial regarded as important, or, at least, 
used by fledgling researchers in their 
formulations. Theses are seldom in the 
forefront of tools available to all schoi- 
ars, nor are they all indexed even as 
whole items. Hence when a person whose 
material is inserted in a thesis writes a 
journal article that concerns the subject 
treated in the inserted material, it be- 
hooves him to include in his article a 
reference to the thesis repository. With- 
out such specific citation, the theoretical 
or methodological addendum might not 
become a part of the literature. More 
than a few people must know where the 
material is obtainable. 

To this end, the form of citation of 
the thesis insert in a journal reference 
is important. It must indicate clearly the 
specific nature of the added explanatory 
matter and identify the thesis sufficiently 
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..NEWS IS HAPPENING AT NORTHROP) 


Answering 
Space Age Problems 


with 


Electronic Systems 


~at Nortronics 
by Frederick Stevens 


Mr. Stevens is a leader in the development of America’s 
first successful intercontinental inertial guidance 
system — Nortronics’ Mark I System jor the SM-62 Snark. 
He is manager of the Electronic Systems and 

Equipment Department, Nortronics Division of Northrop 
Corporation, Hawthorne, California. 


Today, and more especially tomor- 
row, aircraft, missile and space- 
vehicle development offers the 
systems specialist challenges of 
increasing scope. 


Since 1946, personnel of Nor- 
tronics have created solutions to 
such problems. When new and ad- 
vanced digital computation was 
required, forexample, Nortronics 
developed DIDA — Digital Differ- 
ential Analyzer. More recently, 
Nortronics created a daytime 
star tracker that utilizes a signal 
which is only one millionth the 
daytime background signal. 


To find the answers for today 
and tomorrow—to build the new- 
est systems — Nortronics brings 
together experts in various tech- 
nologies. At Nortronics today, 
statisticians and experts in servo- 
mechanisms, precision mechani- 
cal engineers, specialists in photo- 
electricity and photo-conductors, 
applied mathematicians, mechan- 
ical physicists and meteorolo- 
gists work together. Their activi- 
ties in astronertial systems, infra- 
red systems, electronic test and 
checkout equipment, computing 
systems, flight safety systems, 
flight control systems and preci- 
sion optics are continually prov- 
ing their technical effectiveness. 
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Nortronics creates an environ- 
ment that is stimulating and 
offers the technical man the lat- 
est advances in his field. For 
example, along with the facilities 
of the NorthropCorporation, this 
year Nortronics’ Electronic Sys- 
tems and Equipment Department 
is spending four million dollars 
for new equipment and facilities. 

Such equipment and the range 
of projects at Nortronics offers 
the specialist a rewarding chance 
to broaden his activities. Com- 
pany organization encourages 
maximum utilization of individ- 
ual creative ability. Scientists 
and technicians take on respon- 
sibility along project lines. Em- 
phasis is on accomplishment — 
that is, the “what” rather than 
the “how.” 

Aiding this individual effort 
are continuous in-house pro- 
grams that are selected primari- 
ly to maintain systems capability 
at the highest possible technical 
level. These not only include work 
toward projects for which goals 
have been stated, but embrace 
projects which utilize all the tech- 
nologies — all the fundamentals 
of space age engineering. 

Typical of current results of 
Nortronics’ in-house programs is 





the advance represented by LINS 
— Lightweight Inertial Naviga- 
tion System. This is a complete 
system platform that occupies 
only three cubic feet. It is only 
one example of how Nortronics 
scientists, technicians, engineers 
and management integrate tech- 
nologies and arrive at optimum 
configuration. Nortronics brings 
all the components of electronic 
systems together—to answer the 
challenges of the space age. 


Current papers by Nortronics’ 
specialists include: 


Aids to Inertial Navigation 

— Frederick Stevens 
Inertial Navigation, A Useful 
Technique for Space Navigation 

— Frederick Stevens 
Vibration Effects on Design of 
Stellar-Inertial Guidance 
Systems — R.S. Dillon. 


For copies of these papers 
and additional information 
about Northrop Corporation, 
write: 






NORTHROP 
CORPORATION | 


Dept. T2-1300-32, P.O. Box 1525 
Beverly Hills, California 
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to insure its location when requested by 
readers of the article. The form of ref- 
erence 4, below, is within the style of 
references appearing in Science, and 
could be easily adapted to editorial poli- 
cies of other scientific bodies. If the ma- 
terial is bound in more than one thesis, 
as will be the present case, the writer 
might cite the copy available in the 
library more frequently used by his col- 
leagues, or the one best equipped for 
rapid interlibrary loan, or, if he is asso- 
ciated with an academic institution him- 
self, prestige considerations might dic- 
tate citation of his college library. 

The use of graduate theses for scien- 
tific communication would seem to be a 
partial but satisfactory solution to the 
problem of diminished space and ex- 
panded output. Such usage might be 
welcomed by those who may need to 
familiarize themselves with the insert in 
only one such thesis for full background 
information on a series of journal publi- 
cations. Journal space is scarce, ingenu- 
ity is not. 

Det Leso 

Child Guidance and Speech Correction 
Clinic, Jacksonville, Florida 
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“Feedback” in Evolution 


In his review of Behavior and Evolu- 
tion (Anne Roe and George G. Simpson, 
Eds.), C. H. Waddington [Science 129, 
203 (1959) ] discusses the lack of empha- 
sis by the several authors on the “various 
types of ‘feedback’ or circularity in the 
relation between an animal and its en- 
vironment.” He says that the relation of 
the behavior of an animal to the evolu- 
tionary process is not solely that of a 
product, but is also one of the factors 
which determines the magnitude and 
type of evolutionary pressure to which 
the animal will be subjected. Behavior 
is at the same time a producer of evolu- 
tionary change as well as a resultant 
of it. 

In his recent articles, and particularly 
in his recent book The Strategy of the 
Genes (1957), Waddington has clearly 
demonstrated “genetic substitution” by 
means of evolutionary feedback through 
natural selection. I agree with Wad- 
dington that this process is important 
for an understanding of much adaptive 
evolution, including the evolution of 
adaptive behavior. However, in his book 





review, Waddington seems to have 
missed my discussion (pp. 319, 323, 
331), which is in essential agreement 
with the point of view expressed by 
Waddington in his criticism, and which 
he says did not “emerge completely into 
the light of day.” For the feedback from 
behavior to isolating mechanisms, a 
process that Waddington feels did not 
receive sufficient emphasis in the chap- 
ter by H. T. Spieth, I should also like to 
call attention to Principles of “Animal 
Ecology (1949), by Allee, Emerson, 
Park, Park, and Schmidt, for a discus- 
sion of this point (pp. 619, 630, 695). 
ALFRED E. EMERSON 
Department of Zoology, 
University of Chicago 


It was only the feeling that my review 
was already unduly long that prevented 
me from giving references to the few re- 
marks, such as those in Emerson’s inter- 
esting paper, which referred to “feed- 
back” relationships in evolution. The 
passage in which I expressed a wish to 
have heard more about such matters was 
not so much a criticism as it was a com- 
ment prompted by the British conven- 
tion that no review, however favorable, 
should suggest that a book is quite in- 
capable of being improved. After all, 
“feedback” is, at least in connection with 
biology, a rather vague concept; I still 
think it requires a good deal more dis- 
cussion and experiment than has yet 
been devoted to it. 

C. H. Wappincton 
Institute of Animal Genetics, 
University of Edinburgh 


Biological Bromination 


In the 20 March issue of Science 
[129, 778 (1959)], J. W. Burger and Ti 
Li Loo give an interesting account of 
bromination of phenol red by the dog- 
fish. However, they state that there 
appears to be no recorded instance of 
bromine being incorporated into an ex- 
perimentally introduced exogenous ma- 
terial. Attention is invited to the fact 
that we have shown [Proc. Soc. Expil. 
Biol. Med. 80, 241 (1952)] that di- 
bromindigo appears in the urine of rats 
after intragastric injections of hexa- 
bromostearic acid. 

J. F. McCienpon, 
J. GersHon-CoHEN 
Department of Radiology, 
Albert Einstein Medical Center, 
Philadelphia, Pennsylvania 


We thank McClendon and Gershon- 
Cohen for bringing their article to our 
attention. 

J. WENDELL BurGER 
Trinity College 
Ti Li Loo 
National Cancer Institute 
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The Applied Physics Laboratory 


of 


The Johns Hopkins University 


Announces Appointments 


for 
SENIOR SCIENTIFIC STAFF 


The Assessment Division of The Applied Physics Laboratory has 
undertaken new responsibilities and is expanding its Senior Analytical 
Staff. Senior Scientists in such fields as Mathematics, Physics and Physical 
Chemistry have in the past proven very effective in solving the types of 
problems involved which include analyses of tactical situations, the em- 
ployment of future weapon systems and the application of the most recent 
advances in science and technology. 

Performance of the work requires close association with scientists 
of other laboratories, operations research personnel of all branches of 
the Armed Services, and with senior military and civilian personnel. 

Studies undertaken by this group will provide guide lines for the 
hardware research of future years. Staff members are expected to initiate 
ideas in support of a broad program of National Defense needs and carry 
them through appropriate analyses with assurance that sound results will 
be given consideration by the responsible agencies. 

The Laboratory’s locale, equidistant between Baltimore and Wash- 
ington, D. C., allows staff members to select urban, suburban or rural 
living and either of these two outstanding centers of culture as a focal 
point for fine living. 

These appointments offer exceptional opportunities. For information 
and arrangements for interview, write-in confidence to: 


Dr. Charles F. Meyer 
Assessment Division Supervisor 
The Applied Physics Laboratory 
The Johns Hopkins University 
9615 Georgia Avenue 
Silver Spring, Maryland 
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Capital Gain 


Last month President Eisenhower approved a report setting forth a 
comprehensive plan for greatly increasing the federal investment in high- 
energy nuclear research. The report recommends that government funds 
for the construction and operation of accelerators be increased from $59 
million for fiscal year 1959 to $135 million for fiscal year 1963, with the 
Atomic Energy Commission, the Department of Defense, and the National 
Science Foundation as the principal agencies involved. The report was 
prepared by a special panel appointed by the President’s Science Advisory 
Committee and the General Advisory Committee to the Atomic Energy 
Commission. Increased investment in nuclear research is most welcome, 
and our only regret is that approval for such a plan did not come earlier. 

If this country is to continue to advance in nuclear research, consider- 
able federal support is necessary, for the cost of modern equipment is too 
great to be borne by universities or businesses. Indeed, the cost is so great 
that decisions in the Government concerning its support must be made at 
the White House level. The report, itself an example of planning at this 
level, calls for the establishment of an interdepartmental council on high- 
energy accelerators to continue the panel’s work. The council will include 
policy-level representatives from the Atomic Energy Commission, the De- 
fense Department, and the National Science Foundation. These agencies 
will continue to be individually responsible for the different research 
projects, but the council will coordinate their efforts and review new 
research proposals, including proposals for new accelerators. 

Besides coordinating the activities of the agencies doing accelerator 
physics, the interdepartmental council will be a friend at court helping 
justify the costs. Until recently the only unit in the administration for 
reviewing the country’s science effort as a whole was one located some 
distance from this effort: the Bureau of the Budget. Early this year the 
Federal Council for Science and Technology was established to coordinate 
the scientific activities of government agencies, and the new council on 
accelerators presumably will function as a kind of subcommittee of the 
Federal Council. Advice to budget makers about nuclear research is neces- 
sary because in the press of meeting more immediate and obvious demands 
it is easy to forget that investment in basic research offers a large return 
to the country, even if that return is on a long-term basis and even if its 
specific form is unpredictable. 

With several federal agencies interested in nuclear research, questions 
will arise about which agencies should finance which facilities. The report 
recommends the construction of a linear accelerator at Stanford University, 
to cost well over $100 million and to operate eventually at 45 billion elec- 
tron volts, and it hints that the Defense Department is the appropriate 
agency in this case. However, as matters now stand, and as stated by 
President Eisenhower at the recent symposium on basic research at the 
Rockefeller Institute, the Atomic Energy Commission will be the agency 
to ask Congress for authorization to finance the accelerator. Any agency 
doing applied research can benefit from basic research projects, but from 
the viewpoint of the country as a whole the special security requirements 
of the Defense Department do not make it the best place for such projects. 
We take the new assignment of responsibility for the Stanford accelerator 
as a good sign that the Defense Department’s share in nuclear research wil) 
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Economic Implications of 


Urban Growth 


This country lacks a public policy to meet the 
growing problems of dispersed urban settlement. 


In what terms and by what means is 
urban growth most effectively measured 
and described? This would seem to be 
a question basic to any consideration of 
the topic of this paper. Answering it 
adequately, however, would require an- 
other paper at least as long as this one. 
Perhaps, therefore, the wise thing to do is 
to answer it inadequately but quickly 
and firmly. In this paper, urban growth is 
indicated largely by population growth. 
Of course, it has other dimensions such 
as economic activity, land area, govern- 
mental status and services, and the char- 
acter and complexity of social relation- 
ships and interaction. Population growth, 
however, has obvious advantages for our 
purposes. We have more data on it than 
on any other characteristic of urban 
growth. It is the most commonly used 
measure. And, as I hope some of the 
later parts of this paper will make clear, 
it is unmistakably related to most if not 
all the other major dimensions of our 
expanding urban society. 

A second fundamental question is— 
what urban growth? To this the short 
answer is: current urban growth—the 
phenomenon largely ‘of the ‘post-World 
War II years, which in significant re- 
spects differs from earlier urban in- 





The author is professor of political science and 
director of urban research, University of Wiscon- 
sin, Madison. 
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Coleman Woodbury 


crease, plus whatever modifications we 
may reasonably anticipate in the short- 
range future. 


Current Urban Growth 


One of the most striking characteris- 
tics of current urban growth is that it 
is predominantly metropolitan growth. 
According to estimates of the Bureau of 
the Census, for the six-year period 1950 
to 1956 nearly 85 percent of the very 
substantial population growth of the 
United States (14.7. million) was ac- 
counted for by the 168 Standard Metro- 
politan Areas recognized by the Census 
of 1950 (1). Only 9.5 percent was in 
independent, that is, nonmetropolitan, 
urban areas. As to the metropolitan in- 
crease, I should emphasize that by no 
means all of the 85 percent (in fact 
only slightly more than one-half) was in 
territory that in 1950 was urban by the 
principal Census criteria of legal incor- 
poration and density of development. 
The remainder was largely in parts of 
metropolitan areas that the Census des- 
ignated in 1950 as rural nonfarm areas. 

On. what grounds, then, am I justi- 
fied in saying that current urban growth 
is predominantly metropolitan? There 
are three grounds. First, as the Bu- 
reau itself, referring to the rural non- 


farm increase in metropolitan areas, has 
pointed out, “Undoubtedly, much of this 
increase was in newly developed subur- 
ban areas which will be classified as 
urban in the 1960 Census” (1, p. 1). 
And I feel sure that the Bureau would 
agree that if the urban and rural non- 
farm parts of metropolitan areas had 
been marked out in 1956 using the 1950 
definitions, the urban area would have 
much more than half of the six-year 
metropolitan increase. Second, I suggest 
that for many purposes the present defi- 
nition of urban and rural nonfarm terri- 
tory within metropolitan areas is unfor- 
tunate or, perhaps, even misleading. Of 
course, this is not an unfriendly criticism 
of the Bureau’s terms or work. Its staff 
members are at least as aware of the 
difficulties here as anyone else. Certainly, 
however, many families living within 
metropolitan areas but in territory now 
classified as rural are much more like 
urban families in employment, in their 
places of shopping, recreation, religious 
observance, and schooling, and probably 
in their attitudes, standards, and habits 
of life than they are like most families 
in small, relatively independent villages, 
which are the other major component 
of the rural nonfarm population. It may 
be that what is needed is another cate- 
gory for the present rural nonfarm met- 
ropolite. And third, if we hold strictly 
to the current Census definition, the pro- 
portion of urban to total population in- 
crease is much less, but of the urban in- 
crease, about 82 percent is found in met- 
ropolitan areas. 

It seems to me fair, then, to char- 
acterize current urban growth as pre- 
dominantly metropolitan growth. And 
in the remainder of this paper I shall be 
concerned primarily with metropolitan 
growth. 

For purposes of study and discussion, 
metropolitan areas are often subdivided 
into the central cities, the suburbs (in 
Census’ terms, the urban territory outside 
the central cities), and the rural-urban 
fringe areas (that is, the rural areas— 
largely rural nonfarm in Census’ terms). 
Population. growth from 1950 to 1956 
for this breakdown shows another notable 
fact. Of the six-year national increase, 
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the central cities accounted for 15.6 per- 
cent; the suburbs for 27.2 percent; and 
the fringe areas for 41.5 percent. For 
these same classes of areas the rates of 
increase for this period were: central 
cities, 4.7 percent; suburbs, 17.0 percent; 
and the fringe areas, 55.8 percent. Here 
is evidence of what many thoughtful ob- 
servers think is a significant redistribu- 
tion of population, the early stage of a 
“new pattern of settlement” that, if con- 
tinued, may prove to be a phenomenon 
comparable in its economic, political, 
and social consequences to the great ur- 
banization movement of the latter part 
of the 19th and the first part of the 20th 
centuries. 

It would be a serious mistake, however, 
to assume that this redistribution or dis- 
persal of population is a relatively simple 
phenomenon. It often varies materially 
from one metropolitan area to another. 
Furthermore, the broad outlines of it 
that are indicated by the Census data 
cited are the net result of a number of 
other movements or shifts. Although in- 
formation on these component shifts is 
not nearly as abundant or as reliable as 
it should be, a few of them should be ex- 
amined here. 

The large increases in suburban and 
fringe area populations are, in important 
part, made up of out-migration from the 
central cities. Contrary to a fairly com- 
mon impression, most of this out-migra- 
tion is not directly from the badly 
blighted districts of the central cities. It 
is more than offset by some natural in- 
crease plus a substantial in-migration of 
population—most of it from nonmetro- 
politan areas and largely composed of 
Negroes and Puerto Ricans and other 
whites well down the income scale. Thus, 
the economically selective character of 
these shifts in central city populations is 
bringing them closer and closer to the 
description applied some years ago by 
the Regional Plan Association to New 
York City—the home of the rich, the 
poor, and the childless. 

Suburban newcomers quite clearly in- 
clude more than their proportionate 
share of families with young children. In 
two respects, however, the old image of 
the suburban community is now false. 
That image, I believe, was of a dormi- 
tory town predominantly of wealthy or 
very well-to-do people. Suburban com- 
munities fitting this description: still ex- 
ist, of course, but more and more sub- 
urban in-migrants are in the middle 
income and some in the lower-middle 
income ranges. And a recent study of 
398 suburban communities of 10,000 or 
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more showed that only about 46 percent 
of them, by one standard of measure- 
ment, were essentially dormitory towns 
(2). 

About the rural-urban fringes, our 
knowledge is shamefully weak. Quite 
probably, however, their inhabitants and 
current arrivals are a very heterogeneous 
lot as to income, employment, place of 
former residence, and standards and ways 
of life. During the recent house-building 
boom, apparently more than one-quarter 
of the national total of nonfarm units 
produced were built principally by their 
owners (as distinguished from specula- 
tive builders and general contractors), 
who also became their occupants (3). 
In large part, this type of house-build- 
ing is the poor man’s response to high 
construction costs in housing. Quite 
surely a large proportion of it is taking 
place in the fringe areas where land 
is cheap and code standards are low. 
At or near the other economic extreme 
is estate-type development, both in the 
form of new building and, in some areas, 
rebuilding of older properties. A very few 
and widely scattered studies indicate that 
fringe populations are made up not only 
of migrants from central cities and sub- 
urbs plus some indigenous families, many 
of whose members may now be indus- 
trial employees, but also in considerable 
part of in-migrant families from non- 
metropolitan areas, rural and urban. 

In short, then, the growth we are 
considering makes up a very large part 
of the current population increase of this 
country. It is predominantly metropoli- 
tan in character. It is forming a new, 
much more widely dispersed pattern of 
settlement than was characteristic of 
earlier urbanization. The process by 
which this is being done is a complex 
phenomenon. We know relatively little 
about it, but quite surely its component 
parts are concentrating relatively more 
persons of low income status in central 
cities, more of middle income in the sub- 
urbs, and in the fringe areas, very hetero- 
geneous groupings, whether they be de- 
scribed in economic or cultural terms. 


Contributing Factors 


Before we can look at the economic 
implications of current urban growth 
with any prospects of accomplishment, 
at least one other question must be con- 
sidered: Is the current pattern of urban- 
ization likely to continue, with or with- 
out material change, or is it a tempo- 





rary phenomenon resulting from condi- 
tions peculiar to the immediate post- 
World War II period? 

I suggest that this question can be an- 
swered today only by listing the factors 
or forces that we have some reason to 
believe are contributing to current ur- 
banization (that is, to its volume, char- 
acter, or both) and then asking two 
more questions: (i) On balance, do 
these factors seem likely, in the years 
just ahead, to become stronger, weaker, 
or to remain about the same? (ii) Can 
we foresee new forces that might either 
counteract existing factors or supple- 
ment them, either in their present or 
future form? Here, again, our knowl- 
edge of the factors and, particularly, of 
their relative strength is insufficient for 
a definitive analysis. And again, space 
limitations require a truncated discus- 
sion of the questions. In brief outline, 
however, I suggest we can identify at 
least several factors and groups of fac- 
tors in current urbanization. 

High agricultural production and its 
necessary concomitant, efficient means of 
transporting food and fiber to urban cen- 
ters and distributing them there, are so 
elementary that they need no com- 
ment. In all probability both will increase 
in the future. A high level of general eco- 
nomic activity, particularly in urban-lo- 
cated manufacturing, distribution, and 
service trades, is a generally recognized 
condition of urban growth. Its immedi- 
ate future is not too clear—at least not 
to me. Over the longer run, perhaps we 
are justified in assuming that, by and 
large, it will be maintained. 

Other factors are certain technological 
developments including widespread own- 
ership and use of the automobile, avail- 
ability of electric power in nearly all 
parts of metropolitan areas, the lowly 
septic tank, the telephone, radio and tele- 
vision, and, perhaps, even the power 
lawn-mower. All of these and other items 
in our much-advertised, mechanically- 
oriented civilization have contributed 
strongly to the dispersed character of re- 
cent urban growth. In all probability, 
there will be no diminution in them or 
in their effects on urban patterns. 

Certain public policies make subur- 
ban and fringe area living either pos- 
sible for or more attractive to many 
people. In this category fall state and 
federal grants-in-aid, particularly for 
schools and highways, and federally en- 
couraged practices in small house financ- 
ing, particularly the high percentage, 
long-term, amortized mortgage. Not 
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many people, I believe, know that 
roughly one-quarter of the aggregate 
revenues of local governments in this 
country are now in the form of grants 
from state governments. A large pro- 
portion of these grants are for schools 
and highways. Although highway grants 
usually are limited to certain classes or 
kinds of roads, they enable local gov- 
ernments to build and maintain sub- 
stantially more all-weather roads than 
they otherwise would. Forecasting the 
probable future of such measures may 
be risky, but I see no likelihood that 
these aids will be curtailed. Quite surely 
some of them will be strengthened. 
Others may well be added. In these cir- 
cumstances, their byproduct effects on 
the new pattern of urban settlement 
seem likely to continue. 

Another factor in current urbanization 
is that characteristic of many _ inter- 
group relations that is becoming known 
as exclusionism. This refers to the mis- 
understandings, animosities, dislikes, and 
antipathies among many members of 
racial, national origin, economic, and 
other groups that make them uneasy 
neighbors and lead to various degrees 
and kinds of residential segregation. I 
would like to believe, of course, that as 
our urban culture grows more mature 
these divisive and essentially undemo- 
cratic factors will decline. Maybe they 
will, maybe not. These factors, however, 
seem to me somewhat different from 
most of the others we can identify. Al- 
though they clearly are influencing the 
character of current urban dispersal, I 
doubt that they are very significant in 
the degree or extent of it. 

In nearly all of the few studies of peo- 
ple’s reasons, or what they think or say 
are their reasons, for preferring suburban 
and fringe area living, space turns up 
very frequently and prominently. The 
ways it is expressed to the interviewers 
vary widely, but it cannot be mistaken. 
Many people, quite possibly an increasing 
number of them, want and seem deter- 
mined to get space or spaciousness for 
themselves and their families. It means 
less congestion and tension, more play 
space and safety for the children, more 
privacy, escape from the clamor, dirt, 
and confusion of high density districts, 
more greenery and beauty in their sur- 
roundings, chance for a wider variety of 
hobbies and avocations, and usually 
easier access to the open countryside. Too 
much of the discussion of this aspect of 
current urbanization has been shrill and 
subjective. Some commentators who do 
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not share this value spend considerable 
time belittling it and deriding those who 
recognize it and are trying to understand 
it. There is no evidence, however, that 
any appreciable number of urbanites pay 
serious attention to these outcries. 

Some students of the urban scene think 
they see evidence of a backflow from the 
less densely to the more densely built 
parts of metropolitan areas. This may 
well be taking place. With some 10 mil- 
lion persons—many of them adults— 
coming into suburban and fringe areas in 
six years, some reshifting certainly is to 
be expected. No evidence I have seen so 
far indicates this backflow is more than 
minor. I look for this factor of space or 
spaciousness as a value to continue strong 
in the changing urban scene. 

Although the connection between leis- 
ure time and dispersed metropolitan de- 
velopment is quite obvious, in my opin- 
ion this is the most generally underesti- 
mated of all the major factors influenc- 
ing urbanization. More leisure time for 
more people means more opportunity 
and more energy for the activities and 
ways of living common to suburban and 
fringe areas. To some degree, it prob- 
ably lessens the drag of long journeys 
to and from work. It seems likely to 
be an even more powerful force in the 
future than it is today, regardless of 
how the probable increase in leisure time 
affects the length of the work day, week, 
year, or lifetime. 

In the various combinations or mixes 
in which these influences operate, they 
amount to formidable forces in our 
economy and society. Also, although 
from time to time and place to place 
some of these combinations of forces 
may lessen temporarily, over the next 
generation or so they seem likely to in- 
crease, rather than to decline, in their 
effect on metropolitan growth patterns. 

In broad terms, I see also two main 
dangers or threats to urban growth and 
change in something like the forms they 
have taken in recent years. The first of 
these would be a substantial and long- 
sustained lowering in the level of general 
economic activity. Although this is by no 
means inevitable, it seems quite possible. 
The other is the performance of construc- 
tion costs, particularly of house-building 
costs, in the post-World War II period. 
The best information available shows that 
from 1946 to 1955 the median dollar in- 
come of urban and rural nonfarm fami- 
lies increased by 58 percent (4). For the 
same period, the Bureau of Labor Statis- 
tics estimated that the average construc- 


tion cost of privately owned, nonfarm 
dwelling units started went up by 96 
percent. For single-family houses the in- 
crease was 105 percent (5). Also, for 
August 1957, the Boeckh index of resi- 
dential construction costs was at an all- 
time high, despite the fact that the 
seasonally adjusted monthly index of 
nonfarm dwelling unit starts (privately 
owned) had been moving generally 
downward for more than two years and 
in that month was more than 25 percent 
below the level of January 1955 (6). 
Clearly, this, if continued, can become a 
threat to vigorous metropolitan growth 
in the current patterns. Over the past few 
years its effects have been largely offset 
by easier financing terms, so-called (that 
is, smaller down payments and longer 
term mortgages), particularly on FHA 
insured and GI loans. But we are about 
at the end of that road, unless, of course, 
interest rates on small house mortgages 
decrease substantially. 


Some Implications 


From our admittedly poor knowledge 
of current metropolitan growth and our 
even poorer understanding of what lies 
behind it, no one can see, clearly and 
unmistakably, all or nearly all of its 
economic implications. Let me, however, 
list what seem to me the principal ones. 

Future urban growth will call for 
many types of capital investment, both 
private and public—all on a large scale, 
some of them on an unprecedented scale. 
Thus, it could be a major stimulant to 
the economy and, in some circumstances, 
a contributor to inflation. Because of the 
low birth rates during the 1930's, the cur- 
rent rate of household formation in this 
country, a crucial factor in over-all hous- 
ing need, has fallen off somewhat. In the 
early 1960’s, however, it probably will 
pick up rapidly and may well surpass 
materially past rates, except those of the 
first few years after World War II (7). 
To some degree, postwar urban growth 
has been using up excess capacity in pub- 
lic facilities of various kinds. By and 
large, however, this process is now over. 
Evidence of this is in the rise of public 
investment in such facilities over the past 
few years. Outstanding local government 
debt in the United States went up by 
more than 92 percent from 1950 to 
1956 (8). From now on, investment for 
these purposes may be expected to move 
up more sharply or shortages in some of 
the essential facilities of urban living— 
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schools, hospitals, highways, water, and 
sewer works—will become very serious. 

Unless fairly drastic remedies are ap- 
plied soon, the financial plight of many 
local governments in metropolitan areas 
will be aggravated to the point of crisis. 
The basic troubles here seem to be three: 
(i) the regressive, inflexible character 
of the principal sources of local tax rev- 
enue; (ii) antiquated, unrealistic debt 
limitations; and (iii) the Balkanization 
of local government jurisdictions that re- 
sults in many local areas that are un- 
economic for the provision of at least 
some services and also often results in 
great disparities in tax paying and bor- 
rowing capacity from local jurisdiction 
to local jurisdiction. To these are now 
added substantially higher costs of money 
to local governments. The yield on mu- 
nicipal bonds in late 1957 ranged from 
almost 4 percent to about 3.50 per- 
cent. For comparison, the average yield 
in 1950, on the same index (Standard 
and Poor’s), was slightly under 2 per- 
cent (9). 

The headlong growth and dispersal of 
metropolitan populations is bringing 
more and more into the spotlight of 
thoughtful discussion the concept of the 
physical plant of metropolitan areas. By 
plant in this context is meant the size, 
location, and relation to each other of 
the major land-use districts, the densities 
of their development, the transit and 
transport facilities by means of which 
people and goods are moved around and 
among them, and the utility facilities that 
serve them with power, light, communi- 
cation, and water. An analogy, of course, 
is to a manufacturing plant—the amount 
and layout of floor space; its arrange- 
ment—whether on one or two floors or 
on several; the location and relation to 
each other of various departments in 
which raw materials or component parts 
are shaped, treated, and assembled; and 
the transport system by which materials 
and products move into, out of, and 
within the buildings and grounds of the 
establishment. But whereas many, per- 
haps most, industrial plant managers 
know about what size and kind of plant 
will approach the optimum for turning 
out the products of their companies, 
who knows what sizes and patterns of 
metropolitan plant will make possible 
the most efficient provision of public 
services and contribute most to the ef- 
fective prosecution of the chief human 
activities—of individuals, families, and 
of business and industrial enterprises— 
that are carried on within it? 

The pressures of urban growth in the 
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near future may well sharpen this ques- 
tion to the point at which it can no longer 
be ignored. Once it is faced, responsible 
officials and other citizens may see, much 
more clearly than many of them now do, 
a substantial part of the case for metro- 
politan planning—financed and _prose- 
cuted at a substantially higher level than 
obtains in any metropolitan area today. 
And it should be only a short step further 
for these persons to realize that metro- 
politan planning can be truly effective 
only if the planning process is an integral 
part of a local government with metro- 
politan-area wide jurisdiction for certain 
purposes and services. 

Lest I be misunderstood on this point, 
let me add three short comments. I do 
not believe that a metropolitan plant 
conducive to efficiency in public services 
and private activities is the only or even 
the highest objective of metropolitan 
planning and development. It is, how- 
ever, an important one. Neither do I 
suggest that planning and guidance of 
metropolitan growth can or should be 
as close or as detailed as planning for 
an industrial plant. No one pattern of 
growth will be found best for all metro- 
politan areas, and, for any one, our pres- 
ent techniques and knowledge will often 
indicate more than one acceptable possi- 
bility. Finally, I believe that two of the 
most troublesome problems of metro- 
politan development—the money and 
the real costs of the journey to work 
and the plight of transit and transport 
services—are properly seen not as dis- 
crete or separable questions but as in- 
tegral and important parts of this more 
inclusive- issue. 

Future urban growth seems almost cer- 
tain to aggravate the already formidable 
problems of central business districts in 
central cities. It also may well hasten the 
onset of similar difficulties in the older 
and larger suburbs. 

The current ills of central business 
districts are largely attributable to three 
conditions. Blight, largely in the form 
of obsolete, overly dense residential de- 
velopment in near-in parts of central 
cities, has hastened the outward move- 
ment of many well-to-do and middle 
income families on whose aggregate 
purchasing power stores, shops, and 
some other: central: business district op- 
erations have depended heavily. Much 
of this purchasing power is now being 
spent in other districts, including, but not 
limited to, the major outlying shopping 
centers, which have sprung up so rapidly 
in recent years, and which are more con- 
veniently located for many of these cus- 





tomers. Secondly, most central districts, 
particularly those in the larger cities, 
have sought and encouraged a fairly high 
degree of congestion. Over the years 
transit facilities and major street systems 
have poured more and more customers 
and workers into these areas. Property 
values reflect this concentration of busi- 
ness activities. Employees and customers 
endured the resultant crowding and in- 
convenience as long as they had, or felt 
that they had, no feasible alternative. 
Both, but particularly the retail custom- 
ers, now feel otherwise and are acting ac- 
cordingly. But attempts to redress the 
competitive position of central business 
districts in respect to many businesses 
are severely hampered by the huge in- 
vestment in and high asking prices for 
central district properties. Finally, tran- 
sit and traffic congestion for many peo- 
ple going to and from the central business 
districts has been worsened by a smaller 
but still considerable volume of bus, sub- 
way, and car riders whose destinations 
are in the areas immediately around the 
business district. Some of these latter 
travelers are engaged in businesses, in- 
dustries, and services that can operate 
most efficiently only in such locations— 
that is, near at hand to the central dis- 
trict. Quite as clearly, however, some 
undetermined but substantial proportion 
of them are adding to the congestion in 
the central areas largely because only in 
their peripheries, more specifically in the 
old, largely obsolete buildings typical of 
such locations, can their employers find 
the combination of a sizable, easily 
tapped labor pool and cheap rents. 
Even such a quick and incomplete 
analysis suggests the seriousness of the 
present plight of many central business 
districts. In my opinion, the nature of the 
current and prospective urban growth as 
well as their rate or speed indicate that 
this plight will become worse before it 
becomes less severe. It is one of the most 
difficult problems among the by-prod- 
ucts of recent and prospective urban 
growth, My task here is to point up im- 
plications of growth, not to propose or 
to discuss remedies for all urban ills. 
Maybe, however, I should say that I 
do not share the view that central busi- 
ness districts in metropolitan areas are 
doomed to wither and fade away. 
Neither do I subscribe to the firm asser- 
tions, for which no evidence seems to be 
forthcoming, that unless these districts 
are maintained, at whatever costs to pub- 
lic and private purses, at their present 
size, pattern, and character, dire conse- 
quences for the economic and _ social 
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health of their metropolitan areas are 
certain to ensue. Rather, I would ex- 
pect that, over the next generation or 
more of urban development, many ccn- 
tral districts will become more special- 
ized functionally and will change sub- 
stantially in their physical character and 
density. The principal questions of pub- 
lic policy, then, are how these changes 
are to be brought about more rapidly and 
orderly and in ways that will maximize 
the benefits, direct and indirect, over the 
costs, also direct and indirect. 

Finally, I think we can expect that 
with continuing urbanization the blight- 
ing process in the older parts of metro- 
politan areas, particularly in the central 
cities, will continue and may even ac- 
celerate in the near future. It may well 
show up in the older suburbs on a con- 
siderable scale. In my opinion it is at 
least a potential threat in many outlying 
areas built ‘up since World War II. Un- 
fortunately, many of them have at least 
some of the seeds of deterioration and 
blight: construction of not too high qual- 
ity; inadequate open space and space for 
public activities, institutions, and serv- 
ices; a high proportion of small units that 
make for overcrowding and high rates of 
turnover; a shortage, to put it mildly, of 
those amenities important in residential 
quality and character that make for sta- 
bility of occupancy and pride in one’s 
house and its neighborhood. 

Although, under the label of urban re- 
development or renewal, many munici- 
palities are experimenting with attacks 
on blight in many of its various forms, 
I doubt that any sizable community 
has actually reduced its blighted area or 
materially slowed down the blighting 
process within its boundaries. This should 
not astonish anyone who will consider for 
a moment the obstacles confronting these 
new, complex, and difficult programs. 

Beyond the usual obstacles—financial, 
administrative, physical and social—to 
redevelopment programs, I think I see 
two very disquieting omens for the fu- 
ture of urban renewal and blight pre- 
vention. One is the almost total ab- 
sence of any clear recognition by most 
central city planners and redevelopment 
officials of the implications for their pro- 
grams of this new pattern of settlement 
that is characteristic of current urbaniza- 
tion. To be sure, not every present and 
prospective resident of central cities 
wants open, spacious low-density living 
areas. Quite as surely, however, many, 
probably most of them, do not want the 
kind of quarters and ways of life that go 
with the so-called high-rise apartment 
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structures that are becoming the hall- 
mark of redevelopment, even in many 
cities in which very few, if any, build- 
ing of this kind had been built until re- 
cent years. How big is this market? What 
should be done with the other blocks or 
square miles of badly blighted area that 
cannot be absorbed by such structures? 
I find disturbingly little serious discus- 
sion of such questions, and most of it 
seems to reflect either ignorance of what 
is happening to urban patterns in this 
country and why, or else the curious no- 
tion that central city rebuilding can 
safely proceed without regard to these 
changing patterns. 

The other disquieting aspect of cur- 
rent urbanization is the failure to acquire 
in advance substantial areas for parks, 
playgrounds, forest preserves, beaches, 
schools, libraries, parking lots, and other 
public and quasi-public uses in the rap- 
idly growing suburban and fringe areas. 
To be sure, many of these areas now 
seem spacious and open enough, but most 
of them will fill in fast. As they do, land 
prices will rise—often sharply. Almost 
before the need is appreciated, the op- 
portunity to do this crucial job ade- 
quately and imaginatively may be gone. 
And this is just another way of saying 
that we will have produced x thousands 
of square miles of urban residential de- 
velopment that almost from its beginning, 
certainly from its early maturity, will fail 
to meet the needs of most of its residents. 
Once such a statement can fairly be made 
about residential districts, the handwrit- 
ing of eventual blight is on the wall for 
nearly all of them. 

As one looks back over niy observa- 
tions on the probable and possible con- 
sequences of urban growth in the near 
future, he might conclude that, with 
few exceptions, the implications are 
gloomy indeed. Growth, so it seems, is 
going to produce some new problems 
and aggravate many others, possibly to 
a degree that will make them almost 
new difficulties for a healthly urban 
economy. Of course I would defend my 
conclusions as realism; to others they 
may seem the fears of a tired and weak 
mind. Be that as it may, it seems likely 
(although not much direct evidence is 
at hand) that scores of thousands of 
families whose decisions and actions, 
in the aggregate, have made the cur- 
rent pattern of urban development over 
the past few years have added to the 
sum total of their satisfactions and utili- 
ties. If economics is concerned with the 
allocation of scarce resources to meet 
human needs, this accomplishment is a 


notable economic implication in its own 
right. Unless, however, the problems. i 


’ have tried to sketch are dealt with in- 


telligently, the degree of utility found 
in living in these newer areas may well 
decline; the costs, real and monetary, 
will surely rise, both for residents of 
these districts and for those in other 
parts of metropolitan areas, often miles 
away, who will have to pay, in one way 
or another, for some of the by-products 
of urban growth. 


The Time Element 


At several points in this paper I have 
adverted to the time element or the ac- 
tual and the probable future rate of 
urban growth. Now I wish to emphasize 
briefly this aspect of the matter because 
it is a significant factor, both in a true 
picture of urban increase and in the prob- 
lems of public policy that urban growth 
and its economic implications raise. Only 
a very few indicators of this element can 
be cited. 

According to the latest projections of 
the Bureau of the Census, the population 
of the United States in 1975 may be be- 
tween 216 million and 244 million peo- 
ple (10). For our purposes we may 
take 220 million as a round and not im- 
probable figure. This would mean an in- 
crease of roughly 70 million over 1950. 
If metropolitan areas should continue to 
get 85 percent of the national population 
growth (the proportion they are thought 
to have received over the first 6 years of 
this 25-year period), their increase would 
be about 59.5 million. (On the same basis 
of estimate, the nonmetropolitan urban 
areas would increase by slightly less than 
7 million.) 

An increase of 59.5 million in metro- 
politan populations in 25 years may seem 
offhand a substantial volume of growth. 
Two comparisons may give it more 
meaning. In 1950 the officially designated 
metropolitan areas had an aggregate 
population of 83.8 million. Thus, the in- 
crease projected for 25 years is approxi- 
mately 71 percent of the total metro- 
politan population at the beginning of 
the period. Also, of the 168 Standard 
Metropolitan Areas in 1950, 14 had 
populations of more than 1 million. Their 
aggregate population was 44.4 million. 
The projected metropolitan population 
growth for 25 years, therefore, is roughly 
equal to the 1950 populations of the 
metropolitan areas (not of their central 
cities alone) of New York-Northeastern 
New Jersey, Chicago, Los Angeles, 
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Philadelphia, Detroit, Boston, San Fran- 
cisco-Oakland, Pittsburgh, St. Louis, 
Cleveland, Washington, Baltimore, Min- 
neapolis-St. Paul, and Buffalo, plus 15 
million persons more. 

For me, these are sobering if not stag- 
gering figures. When against this back- 
drop one reviews the problem, implica- 
tions that I have tried to outline as 
well as others, both economic and non- 
economic in character, that might be 
added, and considers how ill prepared 
we in this predominantly urban nation 
are to deal with them intelligently and 
in time, he may be pardoned if he con- 
cludes that this country has a few things 
to worry about besides the Sputniks. The 
metropolitan outlook is grave, in my 
opinion, not because its problems are 
impregnable, but because our poor 
preparation for dealing with them is 
found.on so many fronts—in basic un- 
derstanding of the problems themselves, 
in governmental and private institu- 
tional means for deciding on policies 
and pressing forward with them, and 
in public appreciation of the scale and 
seriousness of the issues. 


In the lifetimes of most of us, not 
only the face but also the physique of 
urban America is going to be changed 
—radically changed. In my opinion 
we simply cannot afford to muddle 
along as we are now doing—building 
a parking garage here or there, trans- 
ferring a bankrupt transit company to 
public ownership, tearing down a few 
blocks of old houses, hiring another 
junior planner or two when we can find 
them, nursing our petty, parochial preju- 
dices, whether in central city or suburb, 
trying to decide if we should not raise 
the dog license fee a dollar to keep our 
local government out of the clutches of 
that evil foreign octopus that is head- 
quartered in Washington, and tentatively 
suggesting that maybe it is about time 
to begin to think about setting up a 
metropolitan planning body or a special 
authority responsible for both water sup- 
ply and sewage disposal. If we continue 
in this vein, well before 1975 we will 
have lost one of the finest opportunities 
any generation of Americans ever had: 
the opportunity to make our rapidly 
growing urban localities into things of 


Biochemical Theories 


of Schizophrenia 


Part II of a two-part critical review of current 
theories and of the evidence used to support them. 


In part I of this article [Science, 129, 
1528 (1959) ],an attempt wasmade to dis- 
cuss the possible sources of error peculiar 
to biological research in schizophrenia, 
including the possible heterogeneity of 
that symptom complex and the presence 
of certain biological features—such as 
adventitious disease, nutritional deficien- 
cies, disturbances associated with abnor- 
mal motor or emotional states, and 
changes brought about by treatment, all 
of which may be said to result from the 
disease or from its current management 
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rather than to be factors in its genesis. 
The difficulty of avoiding subjective bias 
was emphasized. Some of the hypotheses 
relating to oxygen, carbohydrate, and 
energy metabolism, to amino acid me- 
tabolism, and to epinephrine were pre- 
sented, and the existing evidence rele- 
vant to them was discussed. Among the 
recent or current concepts there remain 
to be discussed those concerned with 
ceruloplasmin, with serotonin, and with 
the general genetic aspects of schizo- 
phrenic disorders. 





economy, beauty, and livability, appro- 
priate settings for metropolitan commu- 
nities that we and our children can live 
in and take part in with pride. 
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Ceruloplasmin and Taraxein 


The rise and fall of interest in cerulo- 
plasmin as a biochemical factor signifi- 
cantly related to schizophrenia is one of 
the briefest, if not one of the most en- 
lightening, chapters in the history of bio- 
logical psychiatry. The upsurge of inter- 
est can be ascribed to a report that a 
young Swedish biochemist had discov- 
ered a new test for schizophrenia. The 
test depended upon the oxidation of 
N,N-dimethyl-p-phenylenediamine _ by 
ceruloplasmin (J, 2). It is difficult to 
understand the exaggerated __ interest 
which this report aroused, since Holm- 
berg and Laurell (3) had demonstrated 
previously that ceruloplasmin was capa- 
ble of oxidizing a number of substances, 
including phenylenediamine and epi- 
nephrine, and Leach and Heath (4) had 
already published a procedure based on 
epinephrine oxidation which was equally 
valid as a means of distinguishing schizo- 
phrenics from normal subjects and had 
identified the oxidizing substance as 
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ceruloplasmin (5). All of these obser- 
vations were compatible with earlier re- 
ports in the German literature (6) of an 
increase in serum copper in schizophre- 
nia and with the demonstration that 
practically all of the serum copper was 
in the form of ceruloplasmin and that 
the levels of this compound in blood 
were elevated during pregnancy and in 
a large number of diseases (7, 8). There 
had even been preliminary observations 
of an increase in blood ceruloplasmin in 
schizophrenia (8). Following the an- 
nouncement of the Akerfeldt test, how- 
ever, interest in copper and ceruloplas- 
min rose, and very soon a number of 
investigators reported this reaction, or 
some modification of it, to be positive 
in a high percentage of schizophrenics 
(2, 9), although as a diagnostic test the 
Akerfeldt procedure was discredited be- 
cause of the large number of diseases, 
besides schizophrenia, in which the re- 
sults were positive. Both Akerfeldt and 
Heath recognized that ascorbic acid 
could inhibit the oxidation of phenyl- 
enediamine and of epinephrine, respec- 
tively, but neither felt that this was cru- 
cial to his findings, since each had 
satisfied himself that the feeding of large 


doses of ascorbic acid to the patients had 


not influenced the respective reactions 
(2). In addition, Abood (9), who used a 
modification of the Akerfeldt procedure 
which was not affected by ascorbic acid, 
was able to obtain a positive reaction in- 
dicating abnormally high ceruloplasmin 
levels in two-thirds of the more than 250 
schizophrenics he had examined. 

In the past 18 months there has been 
a remarkable decline in the interest in, 
and the reported levels of, ceruloplasmin 
in schizophrenia. In May of 1957, 
McDonald (10) reported his findings on 
three groups of schizophrenics, one group 
from the wards of the National Institute 
of Mental Health, where the patients 
had been maintained on a more than 
adequate diet, and two groups from state 
hospitals. He performed the Akerfeldt 
test and the Abood modification of it, 
as well as independent tests to measure 
ascorbic acid and copper, on these groups 
and on three groups of controls. In none 
of the schizophrenic groups was there an 
increase in serum copper or other evi- 
dence of increase in ceruloplasmin. In 
the state-hospital patients and one group 
of controls, however, ascorbic acid levels 
were low and the results of Akerfeldt 
tests were positive, whereas in schizo- 
phrenic patients from the National In- 
stitute of Mental Health, levels of as- 
corbic acid were normal and the results 
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of Akerfeldt tests were negative. It was 
clear that a high ceruloplasmin level 
was not characteristic of schizophrenia 
and that a positive response to the Aker- 
feldt test, where it occurred, could be 
completely explained by a dietary in- 
sufficiency of ascorbic acid. 

In findings of the Tulane group, the 
mean values for serum copper in schizo- 
phrenia have decreased from a high of 
216 micrograms per 100 milliliters in 
1956 (5) to 145 micrograms per 100 
milliliters at the end of 1957 (4), mean 
normal values having remained at 122 
and 124 micrograms per 100 milliliters 
during the same period. Other groups 
have found slight differences or no dif- 
ferences at all with respect to blood lev- 
els of ceruloplasmin or copper between 
schizophrenic and normal subjects (//) 
and no support for the theory that the 
Akerfeldt test is a means of distinguish- 
ing between schizophrenic and _ non- 
schizophrenic patients (1/2). It is not 
clear why some schizophrenics appar- 
ently show an elevated level of cerulo- 
plasmin in the blood; among suggested 
explanations are dietary factors, hepatic 
damage, chronic infection, or the possi- 
bility that excitement tends to raise the 
level of ceruloplasmin in the blood, as 
preliminary experiments appear to in- 
dicate (13). 

Quite early in their studies, members 
of the Tulane group recognized that the 
potent oxidant effects of the serum of 
schizophrenics on epinephrine in vitro 
could not be satisfactorily explained by 
the ceruloplasmin levels alone (5). Be- 
fore they recognized the importance to 
this reaction of ascorbic acid deficiency 
(14), they had postulated the presence 
in the blood of schizophrenics of a quali- 
tatively different form of ceruloplasmin 
(5), which they proceeded to isolate 
and to test in monkey and man, and to 
which they have given the name taraxein 
(from the Greek rcot tarassein, meaning 
“to disturb”). They have reported that 
when certain batches of this material 
were tested in monkeys, marked be- 
havioral and_ electroencephalographic 
changes occurred. When samples of these 
active batches were injected intrave- 
nously at a rapid rate into carefully se- 
lected prisoner volunteers, all of the sub- 
jects developed symptoms which have 
been described as characteristic of schiz- 
ophrenia—disorganization and fragmen- 
tation of thought, autism, feelings of 
depersonalization, paranoid ideas, audi- 
tory hallucinations, and catatonic be- 
havior (15-17). 

Demonstration of toxic materials in 


the blood and in the body fluids of 
schizophrenic patients is not new. The 
voluminous and inconclusive work of 
earlier investigators was well reviewed 
by Keup in 1954 (6). Since that time, 
many new reports have appeared, al- 
though there has been no extensive sub- 
stantiation of any of them. The results 
of one, on the toxicity of serum and 
urine of schizophrenic patients for the 
larvae of Xenopus laevis (18), were dis- 
puted by the laboratory in which the 
work was done (1/9). Edisen (20) was 
unable to demonstrate toxicity of such 
serum for the species of tadpole previ- 
ously used, or for other species and other 
genera. A report that serum from schizo- 
phrenic patients is toxic to cells in tissue 
culture (2/) lost some of its significance 
when | year later the same laboratory 
reported that the sera of surgical pa- 
tients (22) was of comparable toxicity. 
Reports that injection of certain extracts 
of the urine of schizophrenic patients in- 
duces electroencephalographic and _ be- 
havioral changes in rats (23) or disturb- 
ances in web construction in spiders 
(24) have not yet received confirma- 
tion in the scientific literature. Such 
urine, however, has been reported to 
have no effect on the Siamese fighting 
fish, which is remarkably sensitive to 
certain hallucinogens (25). Contrary to 
earlier findings, a recent attempt to dem- 
onstrate behavioral changes in rats fol- 
lowing the injection of cerebrospinal 
fluid from catatonic patients was unsuc- 
cessful (26). A highly significant de- 
crease in rope-climbing speed in rats in- 
jected with sera from psychotic patients 
as opposed to sera from nonpsychotic 
controls has been reported by Winter 
and Flataker (27). Their later finding 
(28) that the phenomenon occurs with 
sera of patients with a wide variety of 
mental disorders, including mental re- 
tardation and alcoholism, and that there 
is a considerable variation in this index 
between similar groups at different hos- 
pitals, coupled with the inability of at 
least one other investigator (29) to dem- 
onstrate this phenomenon in the small 
group of schizophrenic patients under in- 
vestigation in this laboratory, suggests 
that the quite real and statistically sig- 
nificant phenomenon originally observed 
may be related to variables other than 
those specific for, or fundamental to, 
schizophrenia. More recently, Ghent and 
Freedman (29) have reported their in- 
ability to confirm the observations of 
Winter and Flataker. 

It has been reported that rabbits pre- 
treated with serum from schizophrenics 
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do not exhibit a pressor response follow- 
ing the local application of an epineph- 
rine solution to the cerebral cortex (30). 
No difference between the action of 
sera from normal subjects and that from 
schizophrenics was demonstrated by 
means of this procedure in tests of sera 
from a small number of individuals on 
our wards. 

The significance of all of these studies 
in animals, whether the studies are suc- 
cessful or unsuccessful. in demonstrating 
a toxic factor in schizophrenia, is quite 
irrelevant to, and considerably dwarfed 
by, the implications of the taraxein 
studies. It is because of the tremendous 
implications which these results could 
have in the etiology and rational ther- 
apy of this important disorder that a 
reviewer must evaluate them with even 
more than the usual care. 

In the first place, the important bio- 
chemical phenomena originally reported 
in schizophrenia—lowered blood levels 
of glutathione and rapid oxidation of 
epinephrine in vitro—which prompted 
the search for taraxein and directed work 
on its isolation toward the ceruloplas- 
min fraction of serum (15, 16, 17), have 
since been controverted by data reported 
by the same group, as well as by others 
and have been regarded by most work- 
ers as spurious or at least unrelated in 
any direct way to the schizophrenic proc- 
ess (14, 31). This, in itself, does not pre- 
clude the possible validity of the taraxein 
phenomenon, since bona fide discoveries 
have occasionally been made on the 
basis of erroneous leads; it does, how- 
ever, reduce the probability of its occur- 
rence from that involved in a logical in- 
terrelationship of sequential proven 
steps to the extremely small chance of 
selecting this particular and heretofore 
unknown substance from the thousands 
of substances which occur in blood and 
which might have been chosen. 

One attempt by Robins, Smith, and 
Lowe (32) to confirm the Tulane find- 
ings, in tests in which they used com- 
parable numbers‘and types of subjects 
and at least equally rigorous controls, 
was quite unsuccessful. In 20 subjects 
who at different times received saline or 
extracts of blood from normal or schizo- 
phrenic donors, prepared according to 
the method for preparing taraxein, there 
were only five instances of mental or be- 
havioral disturbance resembling those 
cited in the original report on taraxein, 
and these occurred with equal frequency 
following the administration of saline, 
extracts of normal plasma, or taraxein. 
It is easy to dismiss the negative findings 
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with taraxein on the basis of the diffi- 
culty of reproducing exactly the 29 steps 
described in its preparation; it is con- 
siderably more difficult to dismiss the 
observation that a few subjects who re- 
ceived only saline or normal blood ex- 
tract developed psychotic manifestations 
similar to those reported with taraxein. 

During the preliminary investigations 
it was stated, on the basis of unpublished 
studies (5), that taraxein was qualita- 
tively different from ceruloplasmin. A 
physicochemical or other objective char- 
acterization of taraxein would do much 
to dispel some of the confusion regard- 
ing its nature. Is it possible, for exam- 
ple, that taraxein is, in fact, ceruloplas- 
min but ceruloplasmin that derives its 
special properties from the psychosocial 
characteristics of the situation in which 
it has been tested? This question was 
raised more than a year ago (33), and 
since then additional evidence has be- 


“come available which tends to support 


it. This is a detailed report from a psy- 
choanalyst at Tulane of the experience 
of one of his patients who received 
taraxein (34). Even though a “double 
blind” procedure was said to have been 
used, there are enough possibilities for 
the operation of unconscious bias in this 
one case, if it is at all typical of the 
means used to demonstrate the psycho- 
tomimetic properties of taraxein, to 
raise some doubts concerning the valid- 
ity of these properties. The subject, a 
psychiatric resident, knew before the in- 
jection that he was to get either saline 
or a potent sample of taraxein which had 
made a monkey catatonic for several 
hours. Immediately following the injec- 
tion he noted venous distension, tachy- 
cardia, a swollen feeling of the head, 
and flushing of the head and face, which, 
a footnote explains, was probably a re- 
action to the ammonium sulfate in the 
taraxein solution. Following these symp- 
toms, which the subject could hardly 
have attributed to saline, there ensued a 
period of introspective cogitation, with 
occasional mild mental disturbances 
quite compatible with the anxiety-pro- 
ducing nature of the situation, with the 
preparation and cues which the subject 
had received, and with his anticipation 
of marked psychotic reactions and not 
necessarily symptomatic of a chemical 
toxin at all. The changes were not quali- 
tatively dissimilar to those which Robins 
and his associates had on a few occa- 
sions obtained with their control solu- 
tions (32). The report of the observer 
who injected the material was longer 
and mentioned more numerous and 


more bizarre subjective feelings than 
the subject himself reported. The ob- 
server's summary of the subject’s reac- 
tions as blocking of thought processes, 
autism, bodily estrangement, and suspi- 
ciousness seems incompletely supported 
by the subject’s retrospective report. 

The possibility, remote as it may be, 
that the reported effects of taraxein are 
the result of a combination of sugges- 
tion, nonspecific toxic reactions from 
ammonium sulfate or other contami- 
nants, and reinforcement of these cues 
by the unconscious biases of subject and 
observer through the device of an un- 
structured interview, is one which has 
not been ruled out. Hypotheses related 
to the mechanism of action of this ma- 
terial have moved from concern with 
abnormalities in the blood to concern 
with abnormalities in the blood-brain 
barrier; but the question of whether 
taraxein acts as a biological cause or as 
a mediator of some of the symptoms of 
schizophrenia is by no means resolved. 
I have already mentioned the only at- 
tempt of which I am aware on the part 
of an independent group to confirm the 
original results in a controlled series of 
significant size, and that attempt was 
unsuccessful. 


Serotonin 


Serotonin, an important derivative of 
tryptophan, was first shown to exist in 
the brain in high concentration by Amin, 
Crawford, and Gaddum (35). Interest 
in its possible function in the central 
nervous system and speculation that it 
might even be related to schizophrenia 
were inspired by the finding that certain 
hallucinogens, notably lysergic acid di- 
ethylamide, could, in extremely low con- 
centration, block the effects of serotonin 
on smooth muscle. Thus, Woolley and 
Shaw in 1954 (36) wrote: “The demon- 
strated ability of such agents to antago- 
nize the action of serotonin in smooth 
muscle and the finding of serotonin in 
the brain suggest that the mental changes 
caused by the drugs are the result of a 
serotonin-deficiency which they induce 
in the brain. If this be true, then the 
naturally occurring mental disorders— 
for example, schizophrenia—which are 
mimicked by these drugs, may be pic- 
tured as being the result of a cerebral 
serotonin deficiency arising from a met- 
abolic failure. . . .” Simultaneously, in 
England, Gaddum (37) was specula- 
ting, “it is possible that the HT in our 
brains plays an essential part in keeping 
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us sane and that the effect of LSD is 
due to its inhibitory action on the HT 
in the brain.” Since that time additional 
evidence has appeared to strengthen 
these hypotheses. 

Levels of serotonin have beeri found 
to be considerably higher in the limbic 
system and other areas of the brain 
which appear to be associated with emo- 
tional states (38) than elsewhere. Bufo- 
tenin, or dimethyl serotonin, extracted 
from a hallucinogenic snuff of West In- 
dian tribes, was found to have some 
properties similar to those of lysergic 
acid diethylamide (39). A major dis- 
covery was the finding that the ataractic 
agent, reserpine, causes a profound and 
persistent fall in the level of serotonin 
in the brain (40), a process which more 
closely parallels the mental effects of re- 
serpine than does its own concentration 
inthe brain. By administration of the pre- 
cursor, 5-hydroxytryptophan, the levels 
of serotonin can be markedly elevated 
in the brain, with behavioral effects de- 
scribed as resembling those of lysergic 
acid diethylamide (41 )—a finding quite 
at odds with the original hypothe- 
ses. On the other hand, adminis':ation 
of this precursor to mental patients, 
along with a benzyl analog of serotonin 
to block the peripheral effects of the 
amine, has been reported, in prelimi- 
nary trials,:to suppréss the disease (42), 
while confusion is compounded by the 
report that the benzyl analog alone is 
an effective tranquilizing drug in chron- 
ically psychotic patients (43). 

Still another bit of evidence support- 
ing the hypotheses of a central function 
for serotonin was the accidental discov- 
ery of toxic psychoses in a certain frac- 
tion of tuberculous patients treated with 
iproniazid (44, 45), which has led to the 
therapeutic use of this drug in psychic 
depression. It is known that iproniazid 
inhibits the action of monoamine oxi- 
dase, an enzyme which destroys sero- 
tonin, and it has been shown that ipro- 
niazid increases the levels of this amine 
in the brain (4/7). 

There are certain inconsistencies in 
the data cited above to support the sero- 
tonin hypotheses, and no single theory 
has been found to explain all of the 
findings, even though full use is made 
of the concept of “free” and “bound” 
forms and of the common pharmaco- 
logical principle of stimulant and de- 
pressant effects from the same drug un- 
der different circumstances. Moreover, 
certain weaknesses have appeared in 
each of the main supporting hypotheses, 
and these should be noted. 
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Although the ability of the -hallucino- 
gen lysergic acid diethylamide to block 
effects of serotonin on smooth muscle 
prompted the development of the hy- 
potheses relating serotonin to mental 
function or disease, a number of lysergic 
acid derivatives have since been studied, 
and the correlation between‘ mental ef- 
fects and antiserotonin activity in the 
series as a whole is quite poor (46). One 
of these compounds is 2-bromo-lysergic 
acid diethylamide; this has 1.5 times the 
antiserotonin activity of lysergic acid di- 
ethylamide, and through this property, 
its presence in the brain, after systemic 
administration, can be demonstrated, but 
in doses more than 15 times as great it 
produces none of the mental effects of 
lysergic acid diethylamide (46). A re- 
cent report that, at least in one prepara- 
tion, lysergic acid diethylamide in low 
concentration behaves like serotonin and 
does not antagonize it (47) seems to 
reconcile some of the empirical incon- 
sistencies in the field, although it is 
quite at odds with the original hypothe- 
ses based on the antagonistic action of 
lysergic acid diethylamide. 

Levels of norepinephrine as well as sero- 
tonin are markedly lowered in the brain 
following administration of reserpine 
(48). In fact, the brain concentrations 
of these two amines follow. each other 
so closely in their response to reserpine 
as to suggest some mechanism common 
to both and perhaps obtaining as well 
for other active amines in the brain. In 
one study, 3,4-dihydroxyphenylalanine, a 
precursor of norepinephrine, was capable 
of counteracting the behavioral effects 
of reserpine, whereas the precursor of 
serotonin was ineffective (49). More- 
over, the effects of iproniazid are not 
limited to brain serotonin; a comparable 
effect on norepinephrine has been re- 
ported (50), and it is possible that other 
amines or substances still to be discov- 
ered in the brain may be affected by 
what may be a nonspecific inhibitor of 
a relatively nonspecific enzyme. Of great 
interest in this connection are recent 
studies of Olds and Olds (51) indicating 
a positive behavioral response for ipro- 
niazid injected into the hypothalamus 
but not for serotonin‘or norepinephrine. 

Chlorpromazine, which has the same 
therapeutic efficacy as reserpine in dis- 
turbed behavior, is apparently able to 
achieve this action without any known 
effect on serotonin. In addition, the 
provocative observation that iproniazid, 
which elevates serotonin levels in the 
brain, can cause a toxic psychosis loses 
some of its impact when one realizes 


that isoniazid, which does not inhibit 
monoamine oxidase and can hardly raise 
the brain serotonin concentration, pro- 
duces a similar psychosis (45, 52). 

It seems reasonable to conclude that 
the serotonin as well as the norepi- 
nephrine in the brain have some im- 
portant functions there, and the evi- 
dence in general supports this thesis, 
even though it also suggests that their 
roles still remain to be defined. 

If the picture of the role which sero- 
tonin plays in central nervous function 
is blurred, the direct evidence to sup- 
port the early speculations that it is in- 
volved in mental illness is meager and 
contradictory. From all of the evidence 
cited above, one could find a basis for 
predicting that in schizophrenia the sero- 
tonin levels in the brain, if they are 
altered at all, should be quite low or 
quite high. Results confirming both pre- 
dictions have been reported. 

The urinary excretion of 5-hydroxyin- 
doleacetic acid has been used as an in- 
dicator of the portion of ingested tryp- 
tophan which is metabolized through 
serotonin to form that end product. Al- 
though excretion of 5-hydroxyindoleace- 
tic acid is normal in schizophrenic pa- 
tients under ordinary circumstances (53), 
it may be altered by challenging the met- 
abolic systems with large doses of tryp- 
tophan. Zeller and his “associates have 
reported a failure on the part of schizo- 
phrenics, under these circumstances, to 
increase their output of 5-hydroxyindole- 
acetic acid, while nonpsychotic controls 
double theirs (54). Banerjee and Agar- 
wal, on the other hand, have reported 
exactly the opposite results; in their 
study it was the schizophrenics who 
doubled their output of the serotonin 
end product, while the output of the 
controls remained unchanged (55). 

Kopin, of our laboratory, has had the 
opportunity to perform a similar study 
on schizophrenics and normal controls 
maintained on a good and reasonably 
controlled diet and given no drugs. In 
each group there was a slightly greater 
than twofold increase in output of 5-hy- 
droxyindoleacetic acid following a tryp- 
tophan load, and there was no signifi- 
cant deviation from this pattern in any 
single case (56). 

That the heuristic speculations of 
Woolley and Shaw, and of Gaddum, 
have not yet been established does not 
mean that they are invalid. The wide- 
spread experimental activity which they 
stimulated has broadened and deepened 
our knowledge of the metabolism and 
pharmacology of serotonin and of its ef- 
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fects on behavior and may lead the way 
to definitive evaluation of its possible 
role in normal and pathological states. 


Genetics and Schizophrenic Disorders 


Many of the current hypotheses con- 
cerning the schizophrenia complex are 
original and attractive even though, up 
to this time, evidence directly impli- 
cating any one of them in the disease 
itself is hardly compelling. There is, 
nevertheless, cogent evidence that is re- 
sponsible to a large extent for the pres- 
ent reawakening of the long dormant 
biochemical thinking in this area and 
sufficiently convincing to promote its 
continued development. Genetic studies 
have recently assumed such a role, and 
it appears worth while briefly to review 
them in the present context. 

In earlier studies on large popula- 
tions, a remarkable correlation was re- 
ported between the incidence of schizo- 
phrenia and the degree of consanguinity 
in relatives of known schizophrenics 
(57). These findings were not conclu- 
sive, however, since the influence of 
socioenvironmental factors was not con- 
trolled. Better evidence is obtained from 
the examination of the co-twins and sib- 
lings of schizophrenics; a number of such 
studies have been completed and are 
summarized in Table 1 (57-59). The 
concordance rate for schizophrenia is ex- 
tremely high for monozygotic twins in 
all the studies, while that for dizygotic 
twins is low and not significantly differ- 
ent from that in siblings, to which, of 
course, dizygotic twins are quite com- 
parable genetically. Even these studies, 
however, are not completely free from 
possible sources of error, and this makes 
it difficult to arrive at a definitive con- 
clusion regarding the role of genetic fac- 
tors in this disease. One cannot assume 
that environmental similarities and mu- 
tual interactions in identical twins, who 
are always of the same sex and whose 
striking physical congruence is often ac- 
centuated by parental attitudes, play an 
insignificant role in the high concord- 
ance rate of schizophrenia in this group. 
This factor could be controlled by a 
study of twins separated at birth (of 
such twins no statistically valid series has 
yet been compiled) or by a comparison 
of the concordance rates in monozygotic 
twins and in dizygotic twins whose zy- 
gosity had been mistakenly evaluated by 
the twins themselves and by their par- 
ents and associates. Another possible 
means of better controlling the environ- 
mental variables would be to make a 
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careful study of schizophrenia in adopted 
children, with comparison of the inci- 
dence in blood relatives and in foster 
relatives. Perhaps only a survey on a 
national scale would provide the requi- 
site numbers of cases for any of these 
studies. 

A less satisfactory resolution of this 
problem can be obtained by an appraisal 
of environmental similarities in normal 
fraternal and identical twins. Such a 
study, on over 100 specific aspects of 
the environment, has been made (60), 
and I have assembled the results into a 
rough index of environmental similarity 
(Table 2). Although a difference is ap- 
parent, in the crude measurement of en- 
vironmental congruence, between iden- 
tical and fraternal twins of like sex, it 
is not statistically significant and can 
account for only a small fraction of the 
large difference in concordance with re- 
spect to schizophrenia between these 
types of twins. On the other hand, there 
is a highly significant difference in en- 
vironmental similarity between fraternal 
twins of like and unlike sex which is 
sufficient to account for the difference 
in concordance with respect to schizo- 
phrenic psychosis between them, for 
which, of course, there is no tenable ge- 
netic explanation. 

wo recent reports have been used, 
but by no means conclusively, in sup- 
port of the position that too much sig- 
nificance has been attached to ‘environ- 
mental factors as determining causes in 
this disease group. Chapman (6/), re- 
porting a case of concordant early in- 
fantile autism in identical twins, points 
out that this disorder has never been re- 
ported as concordant in fraternal twins, 
whereas it has been described in three 
sets of identical twins. Since fraternal 
twins occur nearly three times as fre- 
quently as identical twins, the evidence 
cited is suggestive, in spite of the small 
numbers involved; furthermore, the dis- 
ease may develop before the personal 
identifications and interactions peculiar 
to monozygotic twins have had much 
chance to operate. Another interesting 
finding in over 150 families with a single 
schizophrenic member is that no ordinal 
position in the family appears to carry 
specific vulnerability to schizophrenia 
(62)—a finding completely compatible 
with genetic theory but more difficult 
to reconcile with theories of environ- 
mental etiology if the assumption is cor- 
rect that different positions within the 
family are subject to varying degrees of 
stress, Of course one may argue quite 
properly that schizophrenogenic stress 
exists and can be evaluated only in 


terms of the reaction between each in- 
dividual and his own environment, so 
that any position on a social, economic, 
occupational, or birth-order scale may 
be associated with greatly different de- 
grees of stress for different individuals. 

Another possible source of error in 
the twin studies which have been re- 
ported is the personal bias of the in- 
vestigators who made the judgment of 
zygosity and the diagnosis of schizo- 
phrenia in the co-twins. Until a more 
definitive study is carried out in which 
these judgments are made _ independ- 
ently, a rough evaluation is possible, at 
least for the diagnosis of schizophrenia, 
if not for zygosity, on the basis of diag- 
noses arrived at in the various hospitals 
to which the co-twins may have been 
admitted before or irrespective of their 
involvement in the study—diagnoses 
which are not likely to have been con- 
taminated by knowledge about their zy- 
gosity. Kallmann has been kind enough 
to review the material collected in his 
1946-49 survey from that point of view. 
Of 174 monozygotic co-twins of schizo- 
phrenic index cases, 103, or 59 percent, 
had been diagnosed schizophrenic by 
Kallmann, while 87, or 50 percent, had 
received a psychiatric hospital diagnosis 
of schizophrenia prior to any examina- 
tion made by him. On the other hand, 
he had made the diagnosis of schizo- 
phrenia in 47, or 9.1 percent, of 517 
dizygotic co-twins as compared to a hos- 
pital diagnosis in 31, or 6 percent. Al- 
though the concordance rates based only 
on hospital diagnoses are lower in both 
types of twins, for obvious reasons, the 
striking difference between the two con- 
cordance rates remains. Slater (59) has 
published individual protocols of his 
cases from which I have made judg- 
ments of zygosity and schizophrenia. Of 
21 pairs of twins who could be con- 
sidered definitely uniovular, 15, or 75 
percent, were concordant with respect 
to the simple criterion of admission to 
a mental hospital, whereas in only 12, 
or 10.3 percent, of 116 binovular or 
questionably binovular pairs was there 
a history of the co-twin’s having been 
admitted to a mental hospital for any 
psychosis. On the basis of this analysis 
of the two most recent series, it seems 
that only a small component of the 
great difference in concordance rates re- 
ported for schizophrenia between uni- 
ovular and binovular twins can be at- 
tributed to the operation of personal 
bias in the diagnosis of the disease in 
the co-twin. 

Even the most uncritical acceptance 
of all the genetic data, however, cannot 
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lead to the conclusion that the schizo- 
phrenic illnesses are the result of genetic 
factors alone. In 14 to 30 percent of the 
cases in which schizophrenia occurs in 
one of a pair of monozygotic twins, the 
genetically identical partner is found to 
be free of the disorder (Table 1). At- 
tention has already been called (Table 
2) to the higher concordance with re- 
spect to schizophrenia and the greater 
environmental similarities in like-sexed 
fraternal twins or siblings than in those 
of unlike sex, and from the same source 
(57) a difference in concordance is re- 
ported between monozygotic twins sepa- 
rated some years before the study (77.6 
percent) as opposed to those not sepa- 
rated (91.5 percent). Neither of these 
observations is compatible with a purely 
genetic etiology of the disease, and both 
suggest the operation of environmental 
factors. Rosenthal (63) and Jackson 
(64) have pointed out the striking pre- 
ponderance of female over male pairs 
concordant for schizophrenia in all of 
the reported series, whether they be 
monozygotic or dizygotic twins, siblings, 
or parent-child pairs. If sampling errors 
resulting from the greater mobility of 
males are excluded and the observations 
are taken as a reflection of the true 
incidence of this phenomenon, several 
explanations for it on the basis of social 
interaction can be given, but none based 
on purely genetic grounds, unless sex 
linkage is invoked, for which there is no 
other evidence. 

Clausen has critically reviewed the 
extensive literature supporting the im- 
portance of environmental factors in 
the etiology of schizophrenic disorders 
(65). The evidence there seems quite as 
Suggestive as the genetic evidence but 
by no means more conclusive, since few 
studies in either field have been com- 
pletely objective or adequately con- 
trolled. 

It is-both interesting and important 
to note that even if the conclusions of 
both the genetic and the environmental 
approaches to the etiology of schizo- 
phrenic psychoses are accepted uncriti- 
cally, they are not mutually exclusive. 
Both are compatible with the hypothesis 
that this group of diseases results from 
the operation of socioenvironmental fac- 
tors on some hereditary predisposition, 
or from an interaction of the two, each 
being necessary but neither alone suffi- 
cient. An excellent example of such a 
relationship is seen in tuberculosis, 
where the importance of the environ- 
mental microbial factor is undisputed 
and where, as Lurie (66) has shown, 
genetic susceptibility is likewise impor- 
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Table 1. Concordance rates for schizophrenia found in studies of twins. 





Number of pairs 


Concordance rate* (%) 








Investigator 
Dizygotic Monozygotic Dizygotic Monozygotic 
Luxenburger (1928) 48 17 2 59 (67) 
Rosanoff et al. (1934) 101 41 10 61 
Kallmann (1946) 517 174 10 (15) 69 (86) 
Slater (1953) 115 41 11 (14) 68 (76) 





* Figures in parentheses indicate rate after correction for the chance that a co-twin, normal at the time 


of observation, may develop the disease later. 


tant; a population sufficiently heteroge- 
neous with respect to susceptibility and 
exposure to tuberculosis yields results in 
contingency and twin studies (67) 
which, before the discovery of the  tu- 
bercle bacillus, could easily have been 
used to prove a primary genetic cause— 
almost as convincingly as the results of 
similar studies have been used to prove 
such a cause in schizophrenia. Interest- 
ingly enough, studies of tuberculosis 
made from the socioenvironmental point 
of view would obviously provide data 
offering equally convincing proof that 
exogenous, social, and economic factors 
play a part. One hypothesis with respect 
to the schizophrenic psychoses which re- 
mains compatible with all the evidence 
from the genetic as well as the psycho- 
social disciplines is that these disorders, 
like tuberculosis, require the operation 
of environmental factors upon a geneti- 
cally determined predisposition. 


Résumé 


Although the evidence for genetic and 
therefore biological factors as important 
and necessary components in the etiol- 
ogy of many or all of the schizophrenias 
is quite compelling, the sign-posts point- 
ing the way to their discovery are at 
present quite blurred and, to me at 
least, illegible. 

Genetic factors may operate through 


some ubiquitous enzyme system to effect 
general changes in one or another met- 
abolic pathway—changes detectable 
through studies of blood or urine—and 
it is to be hoped that the currently active 
search in these areas will continue. 

It is at least equally possible, however, 
that these genetic factors may operate 
only through enzymes or metabolic 
processes peculiar to or confined within 
the brain, or even within extremely lo- 
calized areas of the brain. We are in 
need of new hypotheses such as those 
of Elkes (68) and many already dis- 
cussed. In this connection, gamma- 
amino-butyric acid appears to be just as 
interesting a substance about which to 
construct working hypotheses as are the 
catechols or the indoles. It has been iso- 
lated only from nervous tissue, and its 
metabolism in such tissue has been in- 
vestigated in some detail (69), while 
its neurophysiological properties appear 
to be better defined than are those of 
the other two groups (70); in addition, 
its inhibitory properties may have special 
relevance to diseases where a failure in 
central inhibition seems to be involved. 

Amphetamine possesses remarkable 
psychotomimetic properties which should 
not be overlooked. Its ability to pro- 
duce a clinical syndrome often indis- 
tinguishable from schizophrenia (7/) 
and the possible relation of amphet- 
amine to the naturally occurring cate- 
chol amines make it at least as inter- 


Table 2. Environmental factors in studies of schizophrenia in twins. 








Environmental Concordance 
similarity Number with respect to Number 
Sex in normal of pairs schizophrenia} of pairs 
twins* (%) (%) 
Identical twins 
Same 61 70 86 174 
Fraternal twins 
Same 53 69 18 296 
Different 26 55 10 221 
Siblings 
Same 16 
Different 12 





* Estimated from data of P. T. Wilson (1934). 
+ From data of F. J. Kallmann (1946). 
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esting as lysergic acid diethylamide. 

In addition to techniques at present 
available in neurochemistry, neurophysi- 
ology, and behavioral pharmacology, 
the development of new methods de- 
signed to yield information on processes 
occurring within the psychotic brain will 
be needed before our explorations in this 
field have been exhausted. 

But the biochemist must not lose sight 
of the possibility, which is certainly as 
great as any of the others, that the ge- 
netic factors in schizophrenia operate to 
determine inappropriate interconnections 
or interaction between chemically nor- 
mal components of the brain; if that 
should prove to be the case, the physio- 
logical psychologist, the neurophysiolo- 
gist, or the anatomist is likely to find 
meaningful information long before the 
biochemist does. It would take many bio- 
chemists a long time to find a noisy cir- 
cuit in a radio receiver if they restricted 
themselves to chemical techniques. 

These possibilities are mentioned only 
to indicate how large is the haystack in 
which we are searching for the needle; 
one cannot avoid a feeling of humility 
when one realizes how slight the chance 
is that any one of us has already found 
it, or will find it in a relatively short 
time, 

That is no cause for discouragement, 
however. It is not necessary that one be 
convinced of the truth of a particular 
hypothesis to justify devoting one’s ener- 
gies to testing it. It is enough that one 
regard it as worth testing, and that the 
tools be adequate. Modern biochemistry, 
with its wealth of new knowledge of in- 
termediary metabolism and its array of 
new techniques for the separation and 
identification of compounds and _ the 
tracing of their metabolic pathways, has 
provided the biologist interested in men- 
tal illness with an armamentarium which 
his predecessor of only a generation ago 
could hardly have envisioned. If he 
chooses from among the approaches 
which may lead to a definition of the 
biological factors in schizophrenia those 
which will in any case lead to a better 
understanding of the nervous system 
and of thought processes and behavior, 
the present surge of enthusiasm will not 
have been misdirected. 
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News of Science 


Health for Peace Act 
Passes Senate 


The “Health for Peace Act,” Senate 
Joint Resolution 41, introduced in the 
Senate by Senator Lister Hill (D-Ala.) 
in February, was passed on 20 May by 
a vote of 63 to 17. The bill, which had 
63 sponsors, provides for the establish- 
ment of a National Institute for Inter- 
national Medical Research within the 
National Institutes of Health and of an 
accompanying 18-member National Ad- 
visory Council. The members of the 
council will be leaders in medical and 
health research and public affairs gen- 
erally. With the Surgeon General as 
chairman, and - with a few additional 
government representatives to assure in- 
teragency coordination, the council will 
help guide policy, make recommenda- 
tions, pass on grants and loans, and re- 
port periodically to the Secretary of 
Health, Education, and Welfare, to the 
President, and to Congress. The bill also 
authorizes the appropriation for the pro- 
gram of $50 million annually to be spent 
under the supervision of the Secretary of 
Health, Education, and Welfare, chiefly 
through the U.S. Public Health Service. 


Activities Authorized 


Some of the'purposes of Senate Joint 
Resolution 41 are as foliows. 

1) To encourage and support the 
planning of essential research into dis- 
ease, disease prevention, and the im- 
pairments of man, on a worldwide basis. 

2) To encourage and support, in part 
through direct financial grants and loans 
of equipment, specific research projects 
on diseases and physical disability that 
are being conducted in_ institutions 
abroad. 

3) To encourage and support the co- 
ordination of medical experiments and 
programs of research in the United 
States with complementary programs 
abroad. 

4 To encourage and support the train- 
ing of specialized research personnel 
through various means, including the es- 
tablishment of research fellowships 
within the National Institutes of Health 
and elsewhere, both in the United States 
and abroad. 

5) To encourage the improvement of 
research facilities abroad. 
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6) To encourage and support the rapid 
international interchange of knowledge 
about disease and disability, including 
the holding of international conferences 
and arrangements for translation and dis- 
tribution services. 

7) To cooperate with the research ac- 
tivities of the World Health Organiza- 
tion, the Pan-American Health Organi- 
zation, the United Nations Children’s 
Fund, and other international organiza- 
tions. 

Although the principal governmental 
machinery proposed would be in the Na- 
tional Institutes of Health, there is pro- 
vision, too, for the use of the Office of 
Vocational Rehabilitation and of the 
Children’s Bureau in carrying out per- 
tinent portions of the program. 


Purposes Defined 


When he introduced the bill, Senator 
Hill emphasized that its aim was hu- 
manitarian and that there were no po- 
litical implications except that it would 
serve as a major instrument for world 
peace. He referred to an amendment to 
the Mutual Security Act that was passed 
last year which stated that it is the “pol- 
icy of the United States to continue and 
to strengthen mutual efforts among the 
nations for research against diseases such 
as heart disease and cancer. In further- 
ance of this policy, the Congress invites 
the World Health Organization to initi- 
ate studies looking toward the strength- 
ening of research and related programs 
against those and other diseases common 
to mankind or unique to individual 
regions of the globe.” Hill pointed out 
that the purpose of his bill was to im- 
plement this policy by authorizing the 
establishment of governmental machin- 
ery for the “effective mobilization of our 
own research facilities and resources and 
authorizing also a series of programs 
which will translate the declaration of a 
policy and a purpose. into concrete ac- 
tion.” Hill also observed that if the Con- 
gress passes his measure, “notice will be 
served to all nations and all peoples that 
the U.S. Government desires that a new 
and substantial emphasis be given to 
world cooperation. .. .” 

Representative John E. Fogarty 
(D-R.I.) sponsor of the companion bill 
in the House, House Joint Resolution 
370, made another important point 


when, in introducing the measure on 6 
May, he said: “This is not an aid pro- 
gram. ff is not a welfare program. It is 
not comparable to commendable pro- 
grams of this nature by which the United 
States assists others to improve their 
economic defense or welfare status. Thus 
the proposed new research program is 
one which exploits scientific potential 
alone.” Repeatedly during the senate 
committee hearings it was stressed that 
the programs under the bill should not 
become obscured and confused by inter- 
national politics and should be carried 
out on a scientist-to-scientist basis rather 
than as government-to-government nego- 
tiation. 


‘Wide Public Support 


The bill has had widespread support 
from the press and the public, and in 
May the National Conference on World 
Health, held in Washington under the 
auspices of the National Citizens Com- 
mittee for the World Health Organiza- 
tion, devoted a major panel session to 
discussion of the measure. The session, 
“World Health for World Peace,” was 
chaired by Howard A. Rusk, director of 
the Institute of Physical Medicine and 
Rehabilitation at the New York Univer- 
sity—Bellevue Medical Center. Panelists 
John T. Connor (president of Merck and 
Company, Inc.) and John J. Powers, Jr. 
(president of Pfizer International, Inc.) 
reported that their companies—and, in 
fact, the pharmaceutical industry as a 
whole—favored passage of the bill. 
However, both men expressed the hope 
that the traditional pattern of division of 
responsibility between governmentally 
supported research and research and de- 
velopment conducted by private industry 
would continue to be observed. To this, 
panelist Thomas Parran, former Surgeon 
General of the U.S. Public Health Serv- 
ice and now president of the Avalon 
Foundation, replied that there has been 
no major conflict on this point in con- 
nection with the operation of the Na- 
tional Institutes of Health. 

The nine panelists agreed unanimously 
on the need for increased federal support 
in all fields of international health, but 
they emphasized that this should not be 
at the expense of privately sponsored 
programs. Representative Walter H. 
Judd (D-Minn.), a physician and for 
10 years a medical missionary in China, 
agreed that there was no substitute for 
personal, voluntary effort. Leo Gherne, 
executive director of the Research Insti- 
tute of America and chairman of the 
International Rescue Committee, sug- 
gested that humanitarian intervention in- 
volving health services could often be 
more effective than military intervention 
in conflicts with the Soviet Union. 

Senator Richard Neuberger (D-Ore.) 
reminded the audience that although the 
legislation had significant humanitarian 
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and diplomatic aspects, Americans 
should not lose sight of its “self-interest” 
aspects. After commenting that in his 
state, which ranks high “in the realm of 
literacy,” his mail runs about ten-to-one 
against foreign aid, Neuberger urged his 
listeners to “convince your people that 
world health and our participation in it 
is in the interest of world peace. .. . I 
think we have to put flesh on the skele- 
ton and to show that the people feel that 
they have an international stake in 
health. . . .” Then he emphasized that 
the new program might produce medi- 
cal discoveries that would prevent death 
and extend the lives of many Americans. 
That the United States has no monopoly 
on scientific development—that major 
findings have often been made in unex- 
pected parts of the world—was a recur- 
ring theme throughout the discussions. 
Although most of the formal consid- 
eration of the “Health for Peace Act,” 
both governmental and nongovernmen- 
tal, has emphasized its apolitical char- 
acter, many of the editorials on the 
measure have mentioned that the Soviet 
Union is winning gratitude in many areas 
of the world by providing medical aid, 
while in this country such aid is largely 
in the discussion stage. House hearings 
on the act have not been scheduled at 
this writing. However, now that Repre- 
sentative Fogarty is back from the World 
Health Organization meeting in Geneva, 
perhaps prompt action can be expected. 





NATO Progress in Science 


The North Atlantic Treaty Organiza- 
tion’s Science Committee and Office of 
the Science Adviser were established a 
year ago and are now in full operation. 
Recently Norman F. Ramsay, scientific 
adviser to the secretary general of 
NATO, reported on the Science Com- 
mittee’s activities for the first year of its 
existence. He pointed out that the com- 
mittee has studied means for strengthen- 
ing science among the NATO nations 
and has already taken action. 


Fellowships and Summer Institutes 


The largest and perhaps most obvious 
of its actions is the establishment of the 
NATO fellowship program. Ramsay ob- 
served that since the end of the war 
there has been a need for more freedom 
of movement for scientists, both within 
Europe and reciprocally between Eu- 
rope and the United States. There has 
also been a shortage of well-trained sci- 
entists. The North Atlantic Council, at 
the recommendation of the Science 
Committee, has established about 250 
science fellowships, each to be used in 
a country other than that in which the 
applicant lives. This number is expected 
to rise to about 400 next year. 


1598 


It should be noted that the Depart- 
ment of State and the National Science 
Foundation have recently announced the 
award of the first group of 20 NATO 
postdoctoral fellowships to Americans. 
The grants will enable fellows to attend 
institutions in Denmark, Germany, the 
Netherlands, Norway, Sweden, and the 
United Kingdom. Of the 20 awards, 
seven are for research in the life sciences 
and 13 are for research in the physical 
sciences. including mathematics and en- 
gineering. Each NATO fellow will re- 
ceive a basic 12-month stipend of $4500. 
In addition, limited round-trip travel 
and dependency allowances will be pro- 
vided. 

Another of the NATO Science Com- 
mittee activities described by Ramsay 
is the encouragement of institutes and 
summer schools for study of advanced 
or special scientific subjects. The organi- 
zation has now established a fund for the 
partial support of such __ institutes. 
Largely as the result of NATO support, 
there will be six institutes next summer 
and even more in subsequent years. 


Other Plans Being Considered 


Ramsay also said that the pooling of 
scientific facilities and information for 
various collaborative programs is under 
discussion, particularly in deep-sea 
oceanography, space exploration, and 
materials research. He pointed out that 
oceanographic research ships, for ex- 
ample, are too expensive for most 
NATO nations to finance separately, but 
not collectively. Furthermore, he added, 
even when ships are sponsored by indi- 
vidual nations, coordinated studies are 
more meaningful than separate ones. 

Ramsay also suggested that another 
means by which NATO science might be 
advanced on a cooperative basis would 
be through establishment of a compara- 
tively small fund that would be avail- 
able to provide quick assistance to joint 
scientific projects that are held up be- 
cause of lack of money. He explained 
that a project is sometimes short of spe- 
cial equipment which can only be bought 
with foreign currency. Ramsay empha- 
sized that a fund available without delay 
to those who need help is “many times 
more valuable, price for price, than 
money that is laborious and slow to ad- 
minister.” He expressed the hope that 
such a flexible, speedily administered 
fund could soon be made available. 


Defense Science Slowed by Secrecy 


He observed that defense science is of 
obvious importance but that cooperation 
is often slowed down by secrecy. How- 
ever, Ramsay commented that during the 
past year there has been spectacular im- 
provement in the exchange of classified 
defense research information. He said: 
“The launching of the Russian Sputnik 
showed both that the NATO nations 





could not afford such a waste of scien- 
tific effort and that the Russians had 
probably already discovered much of 
the information that the NATO nations 
were so zealously guarding from each 
other.” 

Ramsay's report closed with the fol- 
lowing statement. 

“The problem of science in the At- 
lantic Community remains a challenge. 
. .. Compared to the past, the scientific 
and technical cooperation now existing 
among the NATO nations is impressive. 
Yet compared to what is needed to be 
done, when we think of the swift ad- 
vance of Russian research—even if 
Russia has yet to catch up with the West 
in most subjects—then our efforts are 
still too slow footed. The present is a 
beginning but the challenge still re- 
mains.” 





Kistiakowsky Succeeds Killian as 
Top Science Adviser 


James R. Killian, Jr., President 
Eisenhower's top science adviser for the 
past year and a half, will leave govern- 
ment service next month. The former 
president of the Massachusetts Institute 
of Technology, who is both the Presi- 
den’s Special Assistant for Science and 
Technology and the chairman of the 
new Federal Council for Science and 
Technology, will be succeeded, probably 
in both positions, by George Kistia- 
kowsky, professor of chemistry at Har- 
vard University. In his letter of resig- 
nation, Killian said that “compelling 
personal reasons” were the basis for his 
action. Replying to the letter, which was 
submitted 28 May, President Eisenhower 
said, “It would be impossible for me to 
overemphasize the importance of your 
work here. . . .” 


Killian Had Major Role 


One of the administration’s responses 
after the first Soviet satellite launching 
in October of 1957 was the creation of 
a new post in the executive branch of 
the government. This position—Special 
Assistant for Science and Technology— 
was filled, with wide acclaim from the 
American scientific community, by Kil- 
lian, who was then president of MIT. 
During the 18 months since his appoint- 
ment, Killian, with the support of the 
Science Advisory Committee, has ex- 
erted a profound influence on the plan- 
ning of this country’s scientific efforts. 
Numerous reports, which, taken to- 
gether, constitute a thorough review of 
the role of science in American society, 
have issued from the Killian committee. 
One of them, “Strengthening American 
Science,” led to the establishment of the 
Federal Council for Science and Tech- 
nology. Others have been concerned with 
the need for basic research, the role of 
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science in education, and the feasibility 
of an atomic test inspection system. 


Will Stay on Committee 


Killian will continue to be a member 
of the advisory committee. In this posi- 
tion he will be able to continue working 
with Kistiakowsky. The new special as- 
sistant, who, unlike Killian, is a noted 
research scientist, has been a member 
of the committee since 1957. He has 
served as one of the Administration’s 
chief advisers on the ballistic missile pro- 
gram and has had rather extensive per- 
sonal contact with the President in this 
position. He was also a member of the 
U.S. delegation at the technical talks 
on surprise attack held in Geneva in 
1958. 

The new adviser is said to have an 
out-going personality and a well-devel- 
oped sense of humor. Anecdotes about 
him mention that he frequently uses his 
skill with explosives to solve house- 
owner problems—for example, to clear 
land of stumps or to clean a neighbor’s 
cement mixer. 





Science Display at 
Soviet Exhibition 


On 30 June the Soviet Exhibition will 
open at the Coliseum in New York. The 
large exhibition, which will run until 10 
August will have a science section cov- 
ering approximately 13,000 square feet, 
which will contain exhibits dealing 
mainly with the activities of the U.S.S.R. 
Academy of Sciences. F. R. Kozlov, a 
First Deputy Premier of the Soviet 
Union, will open the show, which is part 
of a cultural exchange between the 
United States and Russia. 

Three large displays in the physics 
and mathematics section will provide 
information about important research 
work—for instance, the work of P. N. 
Cherenkov, a Nobel Prize winner. An 
operating unit will demonstrate the 
glow that he discovered. There will be 
instruments demonstrating other appli- 
cations of research in physics, including 
a machine tool for supersonic treatment 
of hard and fragile materials. There will 
also be a display of the uses of tran- 
sistors, notably a transistorized refrig- 
erator model. 

There will be a varied display on 
Soviet geological and geographic re- 
search, The extent of the Soviet Union’s 
mineral riches and the ways in which 
these minerals are being uncovered will 
be illustrated in geological and tectonic 
maps and in collections of ores and min- 
erals. The geographic section will have 
displays on the exploration of the earth’s 
ice cover and the world oceans. There 
will be a model of the Vityaz, the fa- 
mous “science ship” which has sailed 
thousands of miles across the oceans of 
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the world. The exhibits include cross sec- 
tions of deepwater depressions plumbed 
by Soviet oceanographers, models of the 
huge underwater ridges they discovered, 
and models and drawings showing the 
strange sea animals caught by Soviet sci- 
entists. In addition, the geophysics sec- 
tion will show models of the standard- 
type seismic stations that were used for 
research under the International Geo- 
physical Year program. 

A special section will illustrate Soviet 
achievements in organic and inorganic 
chemistry and will demonstrate discov- 
eries by Soviet scientists in the field of 
chain reactions and operating instru- 
ments used in observing the most delicate 
and complex chemical processes. The in- 
struments include a mass spectrometer 
(an instrument for photographing fast- 
flowing processes at a speed of from 7 
million to 33 million frames per second) 
and an electronic paramagnetic reso- 
nance unit, The exhibits devoted to theo- 
retical and practical research in organic 
chemistry will demonstrate techniques 
for producing new chemical compounds 
and plastics, and artificial fibers made 
from these compounds. 

The exhibitors have attempted to 
make the meaning of scientific research 
comprehensible to the layman. With this 
end in view, they have provided a large 
variety of charts, drawings, sketches, 
photographs, and color slides, to be 
shown on special screens. In addition 
there will be 12 science-fiction films. 
Also on display will be more than 100 
instruments and devices developed by 
Soviet scientists, and many models. 

A special section will be devoted to 
the work of the History Division of the 
U.S.S.R. Academy of Sciences. It will 
deal with historical and archeological 
subjects. This is the first time that Soviet 
historical research will have been repre- 
sented at an international exhibition. A 
special display, in the form of a huge 
cylinder about 10 meters in diameter, 
will be set up, with models, drawings, 
maps, and so on covering its exterior. 
Upon entering this structure, visitors 
will find a well-lit and well-furnished 
library where they will be able to ex- 
amine books by Soviet historians and 
Soviet historical magazines. 


Report on Education in 
Age of Science 


A report, titled “Education for the 
Age cf Science,” was issued 23 May by 
the President’s Science Advisory Com- 
mittee. It was written by a 9-man panel 
on science and engineering education. 
An accompanying statement by Presi- 
dent Eisenhower, the panel’s four sets of 
recommendations, and the panel mem- 


bership follow. 


President’s Statement 

This report makes clear that the 
strengthening of science and engineering 
education requires the strengthening of 
all education. As an excellent statement 
of educational goals and needs, I hope 
it will be widely read and that it will 
stimulate a wider understanding of the 
importance of excellence in our educa- 
tional system. 

One subject discussed in the report 
warrants special emphasis—the impor- 
tance of raising the standing of our teach- 
ers in their communities. Higher salaries 
are a first requirement, but we need also 
to recognize the great importance of 
what teachers do and to accord them the 
encouragement, understanding, and rec- 
ognition which will help to make the 
teaching profession attractive to increas- 
ing numbers of first-rate people. 


Curriculum and Course Content 


Curriculum. We urge the scientists 
and scholars of the country to establish 
more intimate contact with experienced 
teachers at all levels, so the curricula 
and the teaching and learning aids in 
schools, colleges and universities may 
take account of the new facts and the 
new points of view that scientific prog- 
ress has revealed. 

We further recommend that a re- 
search program be established by an ap- 
propriate foundation or agency in which 
scientists, scholars and teachers cooper- 
ate to design more adequate curricula 
planned to give to all educated citizens 
an adequate introduction to those areas 
of science and technology essential to an 
understanding of the problems of a mod- 
ern society. 

Course Content. We recommend that 
present efforts be aggressively pursued 
and substantially expanded in bringing 
together leading scientists, scholars and 
teachers in these various subject-matter 
fields to seek: 

1) To bring the course content in-each 
subject at each level into line with the 
most modern scholarly research in its 
field, consonant with the level of in- 
struction. 

2) To outline, write, publish, and re- 
vise the necessary textbooks and auxili- 
ary reading materials to achieve the 
above objectives. We believe, in particu- 
lar, that far more imagination and inno- 
vation is appropriate in the preparation, 
printing, illustrating and publication of 
textbooks—on the one'Hand, to produce 
much less expensive books in the ‘basic 
fields so that a much larger number of 
students will be able to build their own 
libraries; and, on the other hand, to in- 
sure that all the resources of the modern 
publication art are brought to bear in 
the preparation of textbooks which are 
challenging, stimulating, and exciting. 

3) To develop and supply adequate 
teaching and learning aids of all appro- 
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priate kinds, including.,motion pictures, 
television, tape recordings, slides, ’‘and 
other audio-visual materials designed to 
aid the student in understanding the 
subject more thoroughly, and especially 
to relieve the teacher of unnecessary 
burdens of preparation and instruction, 
and to enable the outstanding teacher 
to reach a much larger number of stu- 
dents. 

4) To develop and supply laboratory 
equipment and materials for science 
courses together with the necessary man- 
uals and reading materials to make the 
laboratory and field work a far more 
meaningful, useful and exciting aid to 
student and teacher. 

The programs now being sponsored 
by the Carnegie Corporation, the Ford 
Foundation, the Alfred P. Sloan Foun- 
dation, and the National Science Foun- 
dation provide excellent preliminary 
efforts. They need very.rapid and sub- 
stantial expansion to cover other fields 
and other educational levels. The Na- 
tional Defense Education Act of 1958 
recognized this need. 


Quality and Effectiveness of Teachers 


We recommend that: 

1) Scientists and engineers in univer- 
sities and industries seek to establish or- 
ganized programs of collaboration with 
high school and college teachers in order 
to reduce the gap in communication and 
understanding between these groups, 
rendering assistance and providing teach- 
ing material to teachers and their stu- 
dents, and bringing high school and col- 
lege students and teachers into more 
direct contact with scientific and schol- 
arly work in universities and industry. 

2) Efforts be continued and acceler- 
ated toward improving the economic 
and social status of téachers at all levels, 
and enabling them to devote more of 
their working time to teaching tasks 
rather than administrative chores, and 
allowing them more time for prepara- 
tion and study in their chosen fields. 

3) Private and government agencies 
evolve state and national programs for 
providing substantial rewards, prizes, 
and other recognition to outstanding 
teachers in both elementary and secon- 
dary schools. 

4) A research. program be sponsored 
by an appropriate foundation or agency 
and organized on a national scale to 
bring together a key group of scientists 
and scholars to.collaborate with teachers 
and educators on the problem of design- 
ing more adequate curricula for the 
education of high school and college 
teachers, especially in the sciences and 
mathematics, with the aims of reducing 
the alleged conflict between subject mat- 
ter and methodology, making teacher 
training programs more attractive to the 
best students, and bringing about a bet- 
ter understanding between scholars, sci- 
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entists, teachers, educators and the pub- 


.lic in regard. to, the, philosophy, goals, 


and methods of the educational system. 

5) With the assistance and encourage- 
ment of our universities, the nation’s 
best ‘scholars join the nation’s great 
teachers in the task of determining how 
the great teacher may be brought before 
an even larger number of students. 


Recognition and Encouragement 
of Students 


[We recommend] that we accept as a 
national goal lifting student perform- 
ance to higher levels of excellence by 
greater motivation and by the provision 
of rewards for intellectual achievement 
and more adequate and extensive op- 
portunities and challenges to the highly 
gifted student. To these ends we specifi- 
cally recommend that: 

1) A nation-wide effort be made to pay 
more attention to the academically tal- 
ented students: (that is, those in the up- 
per 15 to 20 percent of their age group 
in intellectual ability) and to the un- 
usually gifted students (that is, those in 
the upper 3 percent of the age group). 
Such an effort should involve citizens, 
schoolboards, parents, teachers, together 
with state and national agencies, public 
and private. Talented students should 
be recognized at an early age and given 
guidance and counsel in planning their 
educational programs and:in preparing 
for and choosing college and university 
work. 

2) These gifted students be given nec- 
essary help in financing their educa- 
tional programs in high school as well 
as in college and in graduate school. 

3) Such students be rewarded and en- 
couraged for their achievement in order 
that they may take pride:in intellectual 
excellence, even at an early. age. 

4) Programs of prizes and scholarships 
be extended into the high school level 
so that students even in remote and rural 
communities are enabled to attend high 
schools which will provide opportuni- 
ties commensurate with their abilities, 

5) Public and private agencies com- 
bine to offer on a national basis a much 
larger number of prizes than now exist 
to high school students for unusual in- 
tellectual achievement in important sub- 
ject-matter fields. 


Development of Intellectual Leadership 


We specifically recommend that: 

1) Tie curricular revision program 
now being developed for high school 
science courses be extended to under- 
graduate college courses in science and 
mathematics. 

2) Aid be rendered to liberal arts col- 
leges in examining their curricular to 
assure that they are adequately provid- 
ing for scientific education of the non- 
scientist as well as of the future scientist 
or engineer. 


3) We accept as a national goal im- 
wproving the number and quality,‘of our 
schools of science and engineering. 

4) University graduate schools in sci- 
ence and engineering be. enlarged in 
number and improved in quality, and 
especially that far greater emphasis be 
placed upon graduate work in engineer- 
ing. 

5) The engineering colleges of the 
country collaborate to improve and mod- 
ernize their offerings in all engineering 
fields to insure that able students are at- 
tracted to these fields and that they are 
given adequate training to meet the en- 
gineering and technological problems of 
tomorrow. 

6) Government agencies concerned 
with research in science and engincer- 
ing re-examine the terms of their re- 
search support to educational institu- 
tions with a view to avoiding placing a 
financial burden or penalty on such in- 
stitutions by reason of inadequate cover- 
age in research contracts or grants of 
costs properly chargeable as overhead 
and for management allowances. With- 
out serving as a subsidy in any way, 
proper handling of these fiscal matters 
can make certain that the research sup- 
port will not affect adversely the oppor- 
tunity to use the research effectively for 
the education of students, for the at- 
traction and retention of able faculty 
members, and for the release of teachers 
and students from burdensome adminis- 
trative and fiscal restrictions. 


Membership of Panel 


John E. Burchard, dean, School of 
Humanities and Social Studies, Massa- 
chusetts Institute of Technology. 

Henry Chauncey, president, Educa- 
tional Testing Service. 

Caryl P. Haskins, president, Carnegie 
Institution of Washington. 

Frederick C. Lindvall, chairman, Di- 
vision of Engineering, California Insti- 
tute of Technology. 

James A. Perkins, vice president, Car- 
negie Corporation. 

Alan T. Waterman, director, National 
Science Foundation. 

Dael Wolfle, executive officer, Ameri- 
can Association for the Advancement of 
Science. 

Jerrold R. Zacharias, professor of 
physics, Massachusetts Institute of Tech- 
nology. 

Lee A. DuBridge, president, Califor- 
nia Institute of Technology (chairman). 


Consultants to Panel 


Harold B. Gores, president, Educa- 
tional Facilities Laboratories, Inc. 

S. C. Hollister, dean, College of Engi- 
neering, Cornell University. 

Frederick L. Hovde, president, Pur- 
due University. 

Stephen White, director, Film Divi- 
sion, Educational Services Incorporated. 
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Science Academy Gift 


A gift from the Equitable Life Assur- 
ance Society of the United States for 
the construction of a new wing of the 
National Academy of Sciences. building 
in Washington, D.C., was announced last 
month. The gift will provide for the 
erection of the Equitable Life Assur- 
ance Society Hall of the Life Sciences, 
in which will be housed the many sci- 
entific activities of the academy and its 
National Research Council in the fields 
of biology and medicine. 

Architects for the new hall will be 
Harrison and Abramovitz, who have 
been associated with the design of many 
buildings, such as Rockefeller Center, 
the Lincoln Square project in New 
York, and the United Nations building. 
Harrison, senior member of the firm, 
was as a young man associated with 
Bertram Goodhue in the design of the 
present academy building. 

When the academy’s building was 
erected in 1924, it was planned to ac- 
commodate additional wings as the need 
developed and funds became available. 
With the greatly increased scope of the 
academy’s work, more space has been 
urgently needed and many activities of 
the Academy-Research Council have 
had to be housed in widely scattered 
locations throughout. Washington. 

Detlev W. Bronk, president of the 
academy, made the following comment 
on the gift: “Erection of this new hall 
of the academy to house the medical 
and life sciences will be of great value 
to our nation. It is eminently appro- 
priate that the Equitable Life Assurance 
Society thus contribute to the work of 
the academy, for we are both private 
organizations devoted to the public wel- 
fare.” 





Academy of Sciences addition: Proposed new wing (left) of the National Academy of 
Sciences building in Washington is shown in architect’s drawing. The wing will be called 
the Equitable Life Assurance Society Hall of Life Sciences in honor of the company which 
is providing the funds for its construction. 
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Thermonuclear Research 
Progress Slow 


Leading atomic scientists from many 
countries, including the U.S., Germany, 
France, the U.S.S.R., Sweden, Belgium, 
and Italy, met in London last month to 
discuss the problems of thermonuclear 
processes. The 2-day conference on the 
study of the release of energy by fusion 
of the nuclei of light elements was the 
first meeting on the subject to be held in 
Britain. The convention was arranged 
by the Institution of Electrical Engineers 
in conjunction with the British Nuclear 
Energy Conference. 

B. F. J. Schonland, director of the 
Atomic Research Establishment at Har- 
well, opened the meeting by pointing out 
that while there is no need for undue 
pessimism about the outcome of experi- 
mental thermonuclear work, there is 
little point at the moment in talking of a 
thermonuclear reactor. Schonland re- 
viewed the present position of research 
work and said: 

“Tt became clear in the course of 1958 
—and crystal clear after the Geneva 
[Atoms for Peace] Conference—that in 
spite of much brilliant theoretical, ex- 
perimental and engineering work, no 
one in the world had yet succeeded with 
certainty in the very first stage of pro- 
ducing a true, controlled thermonuclear 
reaction. The emission of. neutrons. from 
these devices has been in most cases only 
an index of plasma instability.” 

After the opening address a corres- 
pondent asked Schonland if research in 
this field is still very promising. Schon- 
land replied: 

“It has become clear that we are going 
to have success in this field only if we 
multiply the research needed to get an 
understanding of it. . . . Though every- 


body believes we shall solve the prob- 
lem, I,cannot hazard_.a guess as to.when. 
It will take longer than we first thought, 
but there’s general agreement that there 
is no race in this business. It is friendly 
cooperation that is needed.”. 

He went on to say that cooperation 
with America and other countries is 
very close, but that since the field is 
completely unrestricted, there is no limit 
to cooperation with other countries by 
means of information exchanges and 
two-way visits. 

Asked if he thought it necessary to 
modify in any way Sir John Cockcroft’s 
prediction that power from thermonu- 
clear reactions would be a reality in 
“twenty years plus,” Schonland said: “I 
think the work of the last year has shown 
it would be a matter of extreme good 
fortune if we could reach the power 


stage in twenty years. But we might have 
luck... 2” 


Teaching by Television 


More than half a million American 
students, from the first grade through 
college, are receiving part of their class- 
room instruction by television, according 
to a joint report, Teaching by Television, 
that has been published by the Ford 
Foundation and the Fund for the Ad- 
vancement of Education. As of 1 Feb- 
ruary, 117 colleges and universities of- 
fered courses for credit on television, 
569 school districts made regular use of 
televised instruction, and 241 colleges 
and universities offered credit for the 
nationwide television course in modern 
physics, “Continental Classroom.” 

The report describes educational-tele- 
vision experiments that have been sup- 
ported by the Ford Foundation and the 
Fund for the Advancement of Educa- 
tion involving more than 25 colleges and 
universities and 100 school systems and 
more than 100,000 students and their 
teachers. During the past 5 years, the 
Fund and the Ford Foundation have pro- 
vided financial support amounting to 
more than $10 million for more than 50 
different experiments at the school and 
college level involving the use of tele- 
vision as a medium of instruction. The 
report points out that practically every 
course in the school and college curricu- 
lum, from first-grade arithmetic to col- 
lege zoology, is being taught somewhere 
over television. 

The new publication presents the fol- 
lowing results from the experiments: 

1) Two of the most extensive school 
experiments (Washington County, Md., 
involving some 18,000 students, and the 
National Program in the Use of Televi- 
sion in the Public Schools, a nationwide 
project involving in its first year nearly 
40,000 students in more than 100 public- 
school systems) indicate that superior 
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teaching over television results in much 
better learning on the part of the stu- 
dent than ordinary teaching in the class- 
room. 

2) Televised instruction requires the 
student to accept more responsibility for 
his own learning than is the case with 
conventional methods of instruction. 

3) Students in television classes at the 
elementary and secondary level make 
more extensive use of the school library 
than students in regular classes. 

4) Televised instruction has made pos- 
sible more effective use of teaching time 
and classroom space. 

5) The use of superior teachers on 
television has proved an important 
means of improving the teaching tech- 
niques of others teachers, particularly be- 
ginning teachers. 

The report closes with the following 
statement: 

“Television is not a panacea that will 
cure all the ills of American education 
or solve all its problems. It has been de- 
scribed, and rightly so, as the most im- 
portant new educational tool since the 
invention of movable type, but like the 
textbook the new medium is essentially 
just that—a tool. Like any tool, it can 
be misused or badly used. But if it is 
wisely and imaginatively used, television 
can play a major role in broadening and 
enriching the education of American stu- 
dents at all levels of schooling.” 

Copies of Teaching by Television are 
available without charge from the Office 
of Reports, Ford Foundation, 477 Madi- 
son Ave., New York 22, N. Y. 


British Association 
to Meet in Fall 


The British Association for the Ad- 
vancement of Science will return to 
York, the city in which it was founded, 
for its 121st annual meeting, to be held 
2-9 September. The York meeting, at 
which approximately 3000 members will 
convene, will take its theme from the 
presidential address of Sir James Gray 
titled “The Proper Study of Mankind 
is Man.” 

Other addresses will be given by the 
presidents of the various sections of the 
association. In addition, Michael Swann 
will speak on “The Unseen Pattern of 
Growth,” and Sir William Hildred will 
comment on “International Air Trans- 
port Problems.” 

A program of illustrated lectures for 
young people from schools in the York 
area will be offered during the meeting. 
A theater will present a continuous show- 
ing of scientific films. The program com- 
mittee has also arranged for a number 
of visits and excursions to commercial 
and industrial concerns and to places of 
historical interest in York and the sur- 
rounding area. 
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Study of Pregnancy 


Prospective mothers are now being 
chosen to take part in a 5-year study 
to evaluate causes of neurological and 
sensory disorders that arise during preg- 
nancy and shortly after the birth of the 
baby. Sixteen medical centers across the 
nation are collaborating in the project, 
with the National Institute of Neurologi- 
cal Diseases and Blindness as the coordi- 
nator and central laboratory. The study 
will eventually include some 40,000 
mothers and their infants; each case will 
be followed until the child is 6 years old. 

All unusual events during pregnancy 
will be carefully documented. Should a 
neurological disorder develop in the in- 
fant, an attempt will be made to cor- 
relate it with events and conditions of 
pregnancy, birth, or infancy. As causes 
are discovered, they may point the way 
to means of preventing cerebral palsy, 
mental retardation, blindness, and deaf- 
ness. 

The 16 medical centers comprising the 
study are located in Boston, Providence, 
New Haven, New York, Buffalo, Phila- 
delphia, Baltimore, Richmond, Mem- 
phis, New Orleans, Minneapolis, Port- 
land (Ore.), and San Francisco. 


Two Exchanges of Professors 
with Russia May Begin 


Both Harvard and Columbia univer- 
sities are working on plans for an ex- 
change of professors with universities in 
the Soviet Union. Harvard, which would 
have a limited exchange with Leningrad 
State University, hopes to start its pro- 
gram by the beginning of the academic 
year, in September. Columbia hopes to 
begin in February of next year. 

The two programs will differ in that 
the Harvard-Leningrad project will be 
mainly an exchange of research workers, 
whereas the Columbia program is ex- 
pected to place more emphasis on teach- 
ing. Both programs are still described 
as “tentative,” and both are expected to 
involve only a few professors. The ex- 
changes now being negotiated were 
originally viewed as one part of an over- 
all Soviet-American cultural exchange 
agreement concluded early last year. 


Materials Research Committee 
Appointed by Academy 


The National Academy of Sciences— 
National Research Council has an- 
nounced the appointment of a 14-man 
committee to determine how materials 
research and development in the United 
States can be accelerated to meet the 
increasing demands of industrial prog- 
ress and of national defense. The Com- 
mittee on the Scope and Conduct of 





Materials Research has been asked (i) 
to determine how more rapid and effec- 
tive progress in materials research can 
be realized through increased financial 
support, administrative or organizational 
steps, improved coordination of effort 
or other means; (ii) to consider both 
basic and applied research carried on 
for both defense and nondefense_pur- 
poses in governmental, industrial, aca- 
demic, and other research institutions; 
and (iii) to consider the resources of 
raw materials, personnel, and facilities. 

Clyde Williams, president of Clyde 
Williams and Company of Columbus, 
Ohio, is chairman of the committee. A 
former president and director of Battelle 
Memorial Institute, he also served as 
chairman of the War Metallurgy Com- 
mittee of the Academy-Research Coun- 
cil during World War II. 


Film on Nutrition in Africa 


A special documentary film that shows 
the work of United States nutrition sur- 
vey teams in Ethiopia has been made. 
The 25-minute color film, entitled Peo- 
ple to People was produced by the Gov- 
ernment’s Interdepartmental Committee 
on Nutrition for National Defense, whose 
secretariat is located at the National In- 
stitutes of Health. Early in 1956 this 
committee launched a nutrition program 
for the purpose of assisting developing 
countries, as a part of the U.S. Mutual 
Assistance Program. People to People is 
the story of the ninth nutrition survey. 

The survey team spent 3 months in 
Ethiopia and traveled more than 10,000 
miles on the ground and in the air. 
Nearly 9000 Ethiopians were examined 
by the physicians, biochemists, and food 
specialists on the team. The film shows 
how the surveys are carried out and 
illustrates the typical living conditions, 
agricultural practices, modes of trans- 
portation, and medical and educational 
facilities available. 


Science Council Members Briefed 


The members of the new Federal 
Council for Science and Technology 
are currently being briefed on the sci- 
entific activities of each of the govern- 
mental agencies represented on_ the 
council. These agencies are the Na- 
tional Science Foundation, the Atomic 
Energy Commission, the National Aero- 
nautics and Space Administration, and 
the departments of Defense, Interior, 
Commerce, Agriculture, and Health, 
Education, and Welfare. Representatives 
of each of these agencies are giving 
brief reviews of the scientific activities 
which take place within their depart- 
ment. One such statement was recently 
released by the council. It was presented 
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by E. L. Peterson, Assistant Secretary 
of Agriculture, Department of Agricul- 
ture representative. Peterson discussed 
the role of research in U.S. agriculture, 
the demands of agricultural research in 
the next 50 years, research coordination 
in the department, relation of USDA 
research programs to those of other fed- 
eral agencies, and current problems in 
the management of research. 


AEC Calls for Limited State Role 


A member of the Atomic Energy 
Commission told the Joint Atomic En- 
ergy Committee that the time had come 
in the growth of the atomic energy in- 
dustry to “readjust” the regulatory re- 
sponsibilities between the federal and 
state governments. Describing proposed 
legislation, Commissioner John S. Gra- 
ham said that the AEC would favor 
transfer to the states of some of its 
licensing authority for control of radia- 
tion hazards. The legislation which the 
commission has proposed would give 
the states responsibility for protecting 
public health in the fields of ownership 
and use of radioactive by-products, in- 
cluding radioactive isotopes; ownership 
and use of uranium and thorium ores; 
and possession and use of nuclear ma- 
terials such as enriched uranium and 
plutonium. Under the legislation these 
nuclear materials would be limited to 
amounts smaller than the critical masses 
that are needed for a nuclear chain re- 
action. 

Responding to questions from com- 
mittee members, Graham said that there 
were a number of states that were pre- 
pared to move forward rapidly if au- 
thorizing legislation were passed. 


Panel Drafts International 
Convention on Nuclear Hazards 


Agreement on the main points of a 
draft international convention on civil 
liability and state responsibility for nu- 
clear~ hazards has been reached by a 
panel of experts convened in Vienna by 
director-general Sterling Cole of the In- 
ternational Atomic Energy Agency. The 
group, consisting of ten experts from as 
many countries, decided to meet again 
in the summer to discuss matters on 
which there is not yet agreement and to 
prepare its final report. 

Aspects of a convention on which the 
experts reached a large degree of una- 
nimity include the need for minimum 
international standards regarding the 
limitation of liability and the absolute 
nature of such liability. A flexible for- 
mula was devised to make it possible to 
achieve a wide acceptance of the con- 
vention, and it was recommended that 
the state would have to assume subsidi- 


12 JUNE 1959 


ary liability in cases where established 
limits were lower than those recom- 
mended as international minima. 

Substantial agreement was also reached 
on questions concerning liability for 
transportation and waste disposal of ra- 
dioactive materials and nuclear fuels. 

The panel unanimously recommended 
that courts of the state in which nuclear 
installations are located should be ex- 
clusively competent to hear any claims 
for damages resulting from nuclear inci- 
dents; these courts would apply their 
own domestic law. 

Concerning international transport, 
the courts of the state in whose territory 
an accident occurred would be the com- 
petent ones. 

The first session of the panel was held 
in February 1959. Members who at- 
tended the second session, just con- 
cluded, were Paul Ruegger (Switzer- 
land), chairman; Giuseppe Belli (Italy), 
C. H. Carruthers (United Kingdom), 
Edward Diamond (United States), 
Yoshio Kanazawa (Japan), B. N. 
Lokur (India), Anatol Nikolaiev 
(U.S.S.R.), Fuad Abdel Moneim Riad 
(United Arab Republic), Pavel Winkler 
(Czechoslovakia), and Enrique Zaldi- 
var (Argentina). 


Tenth Edition of “American 


Men of Science” 


Editorial work on the tenth edition 
of American Men of Science is now in 
progress on the campus of Arizona State 
University in Tempe, Arizona. Biogra- 
phies of more than 120,000 living Amer- 
icans and Canadians who are actively 
contributing to the advancement of sci- 
ence will appear. Details will include 
the name, position, address, field, birth- 
place, degrees, positions held, member- 
ships, and research specialties of each 
individual listed. 

The directory will be put out in a dif- 
ferent form than that of previous edi- 
tions. The editor has found it possible, 
following the recommendation of an ad- 
visory committee, to publish the entries 
for the physical and biological sciences 
alphabetically in four volumes, to appear 
over a period of 3 years; these will be 
followed by the volume for the social 
and behavioral sciences. The publica- 
tion of the A-E volume for the physical 
and biological sciences is well under 
way. The questionnaires for the physical 
and biological sciences have been mailed, 
so that everyone has had an opportunity 
to make nominations. 

Anyone who was previously included 
in American Men of Science and who 
has not received a questionnaire should 
immediately write to Jaques Cattell, 
Editor, American Men of Science, Ari- 
zona State University, 820 College Ave- 
nue, Tempe, Arizona. 


News Briefs 


The Air Force School of Aviation 
Medicine will move from Randolph Air 
Force Base, near San Antonio, Texas, to 
new, multimillion-dollar quarters south- 
west of the city, beginning in July. To 
date, the Government has taken posses- 
sion of three of the seven buildings com- 
prising the new institution. They are the 
Flight Medicine Laboratory, the Aca- 
demic Building, and the Research Labo- 
ratory Shops. The Research Institute 
Building, which will house the school’s 
headquarters, is to be accepted in mid- 
June; the Heating-Cooling Plant and 
Altitude Laboratory, in July. 

According to Maj. Gen. Otis O. Ben- 
son, Jr., commandant of the School of 
Aviation Medicine, movement of per- 
sonnel and equipment to these facilities 
is tentatively scheduled to begin on 18 
July. 

* * * 

A preliminary assistance mission of 
the International Atomic Energy Agency 
left Vienna last month for a tour of five 
member states in the Far East: China 
(Taiwan), Japan, Korea, the Philip- 
pines, and Viet-Nam. This is the second 
such mission to be sent out by the agency 
this year; the first visited Burma, Cey- 
lon, Indonesia, and Thailand. The mis- 
sion to the Far East, which is headed by 
Harold Smith of IAEA’s Division of 
Isotopes, is expected to return to Vienna 
in early July. 

* * * 

Three U.S. Office of Education spe- 
cialists are visiting in Russia and Poland 
to observe methods of training elemen- 
tary and secondary school teachers in 
the fields of mathematics, science, and 
industrial arts. The team is spending a 
month in the U.S.S.R. and a week in 
Poland. The travelers are William K. 
Medlin, Marshall L. Schmitt, and Clar- 
ence B. Lindquist, who will return to 
Washington late in June to prepare a re- 
port. 

* * * 

The Institute for Research in Hyp- 
nosis, established by a charter from the 
Education Department of the State of 
New York, has opened its new head- 
quarters at 33 E. 65th St., New York, 
N.Y. The institute is a nonprofit educa- 
tional corporation organized to sponsor 
education and research in clinical and 
experimental hypnosis. 

* * * 

The Deafness Research Foundation 
has announced initial grants of $13,240,- 
000 from foundation funds for basic re- 
search in hearing and deafness. The 
foundation, established less than a year 
ago, is the only national voluntary health 
organization founded and governed by 
laymen that is devoted primarily to fun- 
damental research on the causes, pre- 
vention, and cure of deafness. 
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Grants, Fellowships, and Awards 


Foreign study. U.S. Government ‘Ful-. : . 


bright Awards for university lecturing 
and advanced research in 1960-61 in 
Europe, the Near East and Africa, and 
the Far East have been announced by 
the Conference Board of Associated Re- 
search Councils, Committee on Inter- 
national Exchange of Persons, 2101 Con- 
stitution Ave., Washington 25, D.C. The 
closing date for receipt of applications is 
1 October 1959. 

Life sciences. The division of biologi- 
cal and medical sciences of the National 
Science Foundation has announced that 
the next closing date for receipt of basic 
research proposals in the life sciences is 
15 September. Proposals received prior 
to that date will be reviewed at the fall 
meetings of the foundation’s advisory 
panels, and disposition will be made ap- 
proximately 4 months after the closing 
date. Proposals received after 15 Sep- 
tember will be reviewed following the 
spring closing date of 15 January 1960. 
Inquiries should be addressed to the 
National Science Foundation, Washing- 
ton 25, D.C. 

Monograph prizes. The American 
Academy of Arts and Sciences has an- 
nounced a program of Monograph 
Prizes. These $1000 annual prizes are 
a new addition to the academy’s 180-year 
old tradition of support and publication 
of scientific and scholarly research. It 
is hoped that the judgment of merit by 
the academy will stimulate publication 
of significant monographs in the fields 
of the humanities, the social sciences, 
and the physical and biological sciences. 
To evaluate the manuscripts submitted, 
a nine-man committee of fellows of the 
academy has been established, with three 
members for each of the three fields in 
which prizes are to be awarded. 

A monograph is defined for the pur- 
poses of these awards as a “scholarly con- 
tribution to knowledge, too long for an 
article in a learned journal and too spe- 
cialized or too short for a general book.” 
Recipients of these prizes will be ex- 
pected to make their own arrangements 
for publication. The final date in 1959 
for receipt of manuscripts by the com- 
mittee on awards is 1 October. An- 
nouncement of the awards will be made 
in December. Further information may 
be obtained from the Committee on 
Monograph Prizes, American Academy 
of Arts and Sciences, 280 Newton St., 
Brookline Station, Boston 46, Mass. 

Nuclear science. The European Nu- 
clear Energy Agency of the Organization 
of European Economic Cooperation has 
arranged with the Atomic Energy Re- 
search Establishment at Harwell (United 
Kingdom) and the Centre d’Etudes Nu- 
cléaires at Saclay (France) for presen- 
tation of two international courses on 
nuclear energy. Designed for the teach- 
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ing staffs of universities and higher 
technical colleges, each course will ac- 
cept about 50 applicants, who will have 
the opportunity to study the latest ad- 
vances in nuclear science and techniques, 
to do certain practical work, and to 
visit nuclear installations. 

The costs of these courses, both of 
which will run from 20 to 31 July, are 
being borne by the European Nuclear 
Energy Agency, and participants will 
only be required to pay travel and liv- 
ing expenses. Further information can 
be obtained by writing to the O.E.E.C. 
European Nuclear Energy Agency, 38 
Boulevard Suchet, Paris 16°. 


Scientists in the News 


The highest academic officers of six 
of the oldest universities in the Western 
World, and JOHN D. ROCKEFEL- 
LER, Jr., received honorary doctor of 
laws degrees from Detlev W. Bronk, 
president of the Rockefeller Institute, at 
the institute’s first academic convocation 
on 22 May. Those honored include: 
GIUSEPPE G. FORNI, rector of the 
University of Bologna, Italy, and pro- 
fessor of surgery; THOMAS S. R. 
BOASE, president of Magdalen College 
and vice chancellor of Oxford Univer- 
sity, and an authority on the history of 
art; Baron EDGAR D. ADRIAN, master 
of Trinity College and vice chancellor of 
Cambridge University, and neurophysi- 
ologist, who received the Nobel Prize in 
medicine in 1952; JOSE L. BARANDI- 
ARAN, rector of the University of San 
Marcos of Lima, Peru, and an authority 
in the fields of civil law and the philos- 
ophy of law; NABOR C. FLORES, 
president of the National University of 
Mexico, a civil engineer and a specialist 
in soil mechanics; and NATHAN M. 
PUSEY, president of Harvard Univer- 
Sity. 


The U.S. Department of Agriculture’s 
Distinguished Service Award was pre- 
sented on 26 May to each of the follow- 
ing scientists: 

LEONARD I. BARRETT, staff as- 
sistant in the Division of Program Plan- 
ning and Special Projects of the Forest 
Service, for his contributions to the plan- 
ning and conduct of one of the most 
comprehensive nationwide surveys and 
appraisals of the nation’s timber re- 
sources ever made. 

HARRY A. BORTHWICK, chief 
scientist in the Pioneering Research Lab- 
oratory for Plant Physiology, Agricultural 
Research Service, Beltsville, Md., for his 
contributions to the understanding of the 
effect of light on the biological response 
of plants. 

ARNOLD C. ORVEDAL, chief of 
the world soil map project of the Soil 
Conservation Service, Beltsville, Md., 





for the development of unique world- 
wide terrain intelligence maps and in- 
terpretative information of highest im- 
portance to the defense of the United 
States. 

WALLACE B. Van ARSDEL, assist- 
ant director of the Western Utilization 
Research and Development Division, 
Albany, Calif., for his pioneering re- 
search in time-temperature tolerance in 
the processing, storage, and marketing 
of frozen foods. 


ARKADY N. RYLOV, chief, division 
of training of engineering and scientific 
specialists, Central Atomic Energy Uti- 
lization Board of the Council of Minis- 
ters of the U.S.S.R., and professor of the 
Moscow Bauman Higher Technical 
School, has been appointed deputy 
director general in charge of the Depart- 
ment of Training and Technical Infor- 
mation of the International Atomic 
Energy Agency. He succeeds V. V. 
MIGULIN, who is deputy dean of the 
faculty of physics of Moscow University, 
in charge of scientific research and train- 
ing of postgraduate students. 


STEPHEN W. KUFFLER, professor 
of ophthalmic physiology and biophysics 
at the Johns Hopkins Medical School, 
has been appointed professor of neuro- 
physiology and neuropharmacology in 
the Harvard Medical School’s depart- 
ment of pharmacology. 


ROBERT E. STOWELL, professor 
and chairman of the department of 
pathology and oncology and director of 
cancer research at the University of Kan- 
sas Medical Center, has been appointed 
scientific director of the Armed Forces 
Institute of Pathology, Washington, D.C. 


DONALD L. McKERNAN, director 
of the Bureau of Commercial Fisheries, 
U.S. Fish and Wildlife Service, has been 
named chairman of the World Scientific 
Meetinz on the biology of Sardines and 
Related Species that is to be held in 
Rome, Italy, 14-21 September. The 
meeting is being sponsored by the Food 
and Agriculture Organization of the 
United Nations. MARIO RUIVO of 
Portugal is conference vice chairman. 


DANIEL BERGSMA, state commis- 
sioner of health of New Jersey and 
former. president of the Association of 
State and Territorial Health Officers, 
has been appointed associate director of 
medical care for the National Founda- 
tion, New York, effective 1 July. 


HUBERT M. JAMES, professor of 
physics at Purdue University, has been 
appointed head of the University’s phys- 
ics department. He has been acting head 
of the department since the death of 
Karl Lark-Horovitz. 
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WILLIAM H. FISHMAN, research 
professor of biochemistry at Tufts Uni- 
versity School of Medicine and director 
of cancer research at the New England 
Center Hospital in Boston, Mass., is lec- 
turing in Japan on invitation from the 
Japanese Biochemical Society, the Jap- 
anese Cancer Society, and the Japanese 
Pharmaceutical Society. 


EVAN JUST, president of Interna- 
tional Drilling and Water Company, 
Inc., New York, has been appointed pro- 
fessor and head of Stanford University’s 
department of mineral engineering, ef- 
fective next fall. 


ROBERT M. BUCHER, associate 
dean of Temple University’s School of 
Medicine, has been appointed dean, ef- 
fective 1 July. 


Major General ELBERT DeCOUR- 
SEY, commandant of the Army Medical 
Service School and clinical professor of 
pathology at Baylor College of Medicine, 
has been named director of the South- 
west Foundation for Research and Edu- 
cation, San Antonio, Tex. He has also 
been appointed professor and director of 
scientific research at Trinity University 
in San Antonio. 


The following scientists received Mili- 
tary Engineering Achievement awards 
during the 39th annual meeting of the 
Society of American Military Engineers. 

WILLIAM K. CLOUD, chief of the 
Seismological Field Survey, Coast and 
Geodetic Survey, San Francisco, Calif., 
received the Colbert Medal. 

HAROLD K. KELLEY, deputy di- 
rector for construction, Directorate of 
Civil Engineering of the Air Force, re- 
ceived the Newman Medal. 

Lt. Comdr. DONALD GROTE 
ISELIN, assistant officer in charge of 
the Naval Civil Engineer Laboratory at 
Port Hueneme, Calif., received the 
Moreell Medal. 

DONALD E. EPPERT, area engineer 
under the Jacksonville Engineer District 
of the Corps of Engineers, U.S. Air 
Force, received the Wheeler Medal. 

ERIC A. WALKER, president of the 
Pennsylvania State University, received 
the Bliss Medal. 

WALKER L. CISLER, president and 
director of the Detroit Edison Company, 
received the Goethals Medal. 

Lt. Gen. RAYMOND A. WHEELER, 
U.S. Army, retired, former president. of 
the society, received the Toulmin Medal 
for his article “Clearing of the Suez 
Canal.” 

Rear Adm. LEO O. COLBERT, U.S. 
Coast and Geodetic Survey, retired, and 
Major LEX E. O’BRIENT, assistant 
professor of military science and tactics 
at the Colorado School of Mines, each 
received the-Gold Medal. 
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J. E. HAWKINS, professor of chem- 
istry and director of research on naval 
stores at the University of Florida, has 
received the 1959 Florida Section Award 
of the American Chemical Society. 


JEAN ROUCH, anthropologist at the 
Musée de Homme, Paris, France, and 
outstanding film maker, will be a par- 
ticipant in the 5th annual Robert Flah- 
erty film seminar, to be held 16-22 Aug- 
ust at the University of California, Go- 
leta. 


HENRY DeEWOLF SMYTH, Joseph 
Henry professor of physics at Princeton 
University, has been appointed chairman 
and dean of the university’s newly estab- 
lished research board. The board was 
formed to establish policy in the accept- 
ance and administration of research 
grants and contracts. It replaces the 12- 
year-old Committee on Project Research 
and Inventions. 


ENRICO BOMPIANI, director of 
the institute of mathematics at the Uni- 
versity of Rome,~Italy, has been ap- 
pointed Andrew Mellon professor of 
mathematics at the University of Pitts- 
burgh. Bompiani is also professor of 
analytic and descriptive geometry and 
professor in charge of the chair of dif- 
ferential geometry at the University of 
Rome. 


ROBERT M. JONES, technical con- 
sultant for the nuclear division of AFC 
Industries, Washington, D.C., has been 
named assistant manager of Lockheed 
Nuclear Products, Marietta, Ga. 


Recent Deaths 


ERNEST A. BACK, Chaplin, Conn.; 
78; entomologist who contributed to the 
eradication of the citrus fruit fly; retired 
in 1947 after 40 years with the Bureau 
of Entomology of the U.S. Department 
of Agriculture; 22 May. 

DUDLEY A. BUCK, Winchester, 
Mass.; 32; assistant professor of electri- 
cal engineering at Massachusetts Insti- 
tute of Technology; developed the cryo- 
ton, a small replacement for the transis- 
tor; 21 May. 

FLOYD H. EGGERT, Sturtevant, 
Wis.; vice president of Werner Labora- 
tories, Sturtevant, Wis.; 1 May. 

HANS HEER, Westfield, N. J.; 62; 
chemist with the General Aniline and 
Film Corporation for more than 30 
years; 23 May. 

STANLEY JOHNSON, New York; 
46; projects engineer with the Polytech- 
nic Research and Development Corpora- 
tion, Brooklyn; pioneer in the develop- 
ment of equipment for measuring 
microwaves; developed a portable version 
of the mazer oscillator; 24 May. 


ALSON R. KILGORE, San Fran- 
cisco, Calif.; 71; chief surgeon with the 
Western Pacific Railroad for 25 years; 
former chief of surgery at Children’s 
Hospital, and chief of staff at St. Jo- 
seph’s Hospital; had taught at the Har- 
vard Medical School in China; founder 
of the American Board of General Sur- 
gery, the California Physicians Service, 
and the Public Health League of Cali- 
fornia; 20 May. 

JOHN C. LINCOLN, Phoenix, Ariz.; 
92; founder of the Lincoln Electric 
Company of Cleveland, of which he was 
president from 1905 to 1928 and board 
chairman until 1954; president of the 
Bagdad Copper Corporation; president 
of the Henry George School of Social 
Science; developed the variable speed 
motor; 25 May. 

KARL W. MEISSNER, Lafayette, 
Ind.; 68; spectroscopist, noted for his de- 
velopment of the atomic beam light 
source; professor of physics at Purdue 
University since 1943; director of the 
physics department of the University of 
Frankfort am Main, Germany, until 
1937; 13. Apr. 

LOUIS N. RIDENOUR, Jr., Wash- 
ington, D.C.; 47; noted research physi- 
cist; vice president of Lockheed Aircraft 
Corporation and general manager of its 
Electronics and Avionics Division; had 
been first chief scientist of the Air 
Force; composed the Ridenour Report 
that led to the establishment of the Air 
Research and Development Command; 
assistant director of the Massachusetts 
Institute of Technology Radiation Labo- 
ratory during World War II, when he 
developed airborne radar and radar- 
bombing systems; had taught at Prince- 
ton University and at the University of 
Pennsylvania, and had been dean of the 
University of Illinois Graduate College; 
author of Modern Physics for the Engi- 
neer; 21 May. 

GEORGE SMOLAK, Somerville, 
N.J.; 59; research chemist and manager 
of the Johns—Manville Pipe and Board 
Department; former research chemist 
with the General Electric Company, 
Schenectady, N.Y.; 11 Apr. 

FREDERICK  TATTERSFIELD, 
Harpenden, England; 78; former head 
of the department of insecticides and 
fungicides, Rothamsted Experimental 
Station; 1 May. 

WILLIAM H. WRIGHT, Mount 
Hamilton, Calif.; 87; director emeritus 
and astronomer emeritus of the Lick Ob- 
servatory of the University of Califor- 
nia; 16 May. 

YAYOI YOSHIOKA, Tokyo, Japan; 
88; Japan’s first woman physician and 
founder of the Tokyo’s Women’s Medi- 
cal School, now Tokyo’s Women’s Med- 
ical College, of which she was president 
and where she taught for more than 50 
years; helped to establish hospitals in 
Tokyo; 23 May. 


1605 








Book Reviews 


Can Man Be Modified? Jean Rostand. 
Translated from the French by Jona- 
than Griffin. Basic Books, New York, 
1959. 105 pp. $3. 


“Have not the biologists the right to a 
little conceit, when they add up what 
they have achieved in the space of a 
mere half century?” asks Rostand, as he 
proceeds to catalog many of these 
achievements and predict future ones: 
parthenogenesis, sex control, chemical 
control of personality, artificial insemi- 
nation, preservation of choice human 
sperm for long periods of time, modifi- 
cation of brain function, and so forth. 
The picture is familiar: it is Brave New 
World again. 

It has been more than a quarter of a 
century since Aldous Huxley made his 
synthesis of implications. The evidence 
of his success is the extent to which sub- 
sequent writers in the same field have 


found it impossible to go beyond what 
he said. They may praise him or damn 
him, but they cannot, apparently, be 
very original. Some plagiarize Brave 
New World unconsciously, supposing 


they are saying something new. Others, 
more perceptive, generously acknowledge 
their debt, as Rostand does. A critic 
might protest against the repetition of 
ideas, but this reaction is probably wrong. 
Treth in human affairs has a sort of 
“half-life’—of ten years, say?—and it 
is necessary to revive truth periodically, 
to recharge its source, so to speak. ‘The 
generations of mankind succeed one an- 
other rapidly, and the continuance of 
society requires endless repetitions, how- 
ever painful they may be to the critic of 
long memory. He will just have to suffer. 

Rostand is intransigently optimistic 
about the changes made possible by sci- 
ence and technology. Why, he asks, 
should we fear such developments as 
those that give us more leisure? “This is 
really like being afraid that a wife may 
become too beautiful, and I agree with 
Raymond Queneau . . . that ‘the people 
who whine about naughty robots and in- 
human machinery have never proved 
anything except their own lack of imagi- 
nation and fear of liberty.’” With re- 
spect to the biological frontier, Rostand 
is delighted to report: “The fertilising 
needle enters into morals, it is provided 
for and paid for under social insurance, 
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and already one receives pieces of paste- 
board with such inscriptions as: ‘Mlle X 
has the pleasure of announcing the birth 
of her daughter [or son] by artificial in- 
semination.’” This appears to be a 
statement of French fact rather than a 
prediction. It came as a surprise to me; 
I have not yet received any such formal 
announcement (but would be most de- 
lighted to see one). 

Can Man Be Modified is a gracefully 
written book, with a bit of the épatez les 
bourgeois spirit in it that the French, 
from long experience, can manage so 
well. Yet it is basically serious, as Ros- 
tand insists, near the end: “We who are 
called ‘scientists—and it is a name we 
do not refuse, for there are less honour- 
able ones—are not as grossly and naively 
insensitive as people are apt to believe. 
The fact that we persist in regarding 
man as part of nature does not make 
us have less respect for him or incline us 
to treat him without ceremony. I will 
even go so far as to say that perhaps 
respect for mankind should be even 
greater in those who believe only in man, 
—in those who, stripped of every illu- 
sion about transcendence, can only see in 
man an animal unlike any other, with 
no obligation except towards itself, with 
no law to obey except its own and with 
no values to revere except those of its 
own making.” 

Garrett Harbin 
Department of Biological Sciences, 
University of California, Santa Barbara 


Theory of Relativity. W. Pauli. Trans- 
lated from the German by Gerald 
Field. With supplementary notes by 
the author. Pergamon, New York, 
1958, xiv + 241 pp. $6. 


This book presents a comprehensive 
and critical discussion of both the spe- 
cial and the general theory of relativity. 
The discussion first appeared in 1921, in 
German, as an extensive contribution to 
volume 5 of Encyklopadie der Mathe- 
matischen Wissenschaften. Because of 
its excellence, and in view of the great 
interest in the relativity theory at that 
time, Sommerfeld arranged for its im- 
mediate publication in separate book 
form. Now, thanks to Gerald Field’s 





translation and to Pergamon Press, we 
are privileged to welcome Pauli’s article, 
extended by him with extensive notes on 
developments between 1921 and 1956, 
into the English literature. 

The many virtues of Pauli’s discussion 
were eloquently proclaimed by the crea- 
tor of the relativity theory, Albert Ein- 
stein, writing (in German) in Natur- 
wissenschaften [10, 184 (1922)]: “It 
would be difficult for anyone who studies 
this mature and beautifully constructed 
work to believe that the author is a man 
of 21 years. One doesn’t know what to 
admire most, the psychological apprecia- 
tion for the development of ideas, the 
sureness of the mathematical deduction, 
the deep physical insight, the faculty for 
a clearly arranged systematic presenta- 
tion, the knowledge of the literature, the 
factual completeness, or the sureness of 
criticism.” 

Part 1 (20 pages) contains a critical 
and thorough analysis of the empirical 
basis, and of important tests, of the spe- 
cial theory. 

Part 2 (50 pages) is devoted to a com- 
plete and general discussion of the math- 
ematical tools of the special and the gen- 
eral theory. Variational theorems, the 
theory of invariants, parallel displace- 
ment, and covariant differentiation in 
affinely connected, as well as Riemann- 
ian, spaces are a few of the topics cov- 
ered. This part is of especial value to 
the serious student of the general theory. 

Part 3 (71 pages) presents an exhaus- 
tive exposition of formal developments, 
including action principles, and of phys- 
ical applications of the special theory to 
mechanics, electrodynamics, and thermo- 
dynamics. 

Part 4 (42 pages) is concerned with 
the general theory. It presents a full dis- 
cussion of the basic ideas of the equiva- 
lence principle and of general covariance 
and considers applications of the theory 
to special problems. In this part one first 
realizes how long ago this book was writ- 
ten. It is only in the supplementary notes 
that one finds a discussion of Fried- 
mann’s solution (1922) to the field equa- 
tions for a world with a time-dependent 
metric and of the significance of this 
work for the cosmological problem, fol- 
lowing the discovery of the red shift by 
Hubble. Also, the extensive work of Ein- 
stein, Infeld, and their collaborators in 
obtaining the law of motion of a particle 
from the field equations, with no addi- 
tional assumptions, is only briefly re- 
ferred to and discussed. 

Part 5 (22 pages) is devoted to at- 
tempts to formulate an electromagnetic 
theory of mass within the framework of 
the special theory and to Weyl’s attempt 
to incorporate electromagnetism in the 
world geometry, along with gravitation. 
Other, more recent, attempts to arrive 
at a unified field theory, by Einstein and 
by Kaluza and Klein, are discussed and 
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analyzed in the supplementary notes. 

This book achieves a very broad cov- 
erage of subject matter in a limited 
space by confining formal developments 
to the main points, without presenting 
detailed proofs. In concluding his review 
of the original edition, Einstein recom- 
mended Pauli’s treatment to “everyone 
working creatively in the field of rela- 
tivity as well as to everyone who wants 
an authoritative orientation in funda- 
mental questions.” 

Another of Pauli’s legacies to modern 
physics is his equally highly esteemed 
article on “The general principles of 
wave mechanics,” in the Handbuch der 
Physik [(Springer, Berlin, 1958), vol. 5, 
part 1]. It would be of at least equal 
value to the large community of mono- 
lingual American physicists if this, too, 
were to find its way into English. 

Swney D. Dreti 
Department of Physics, 
Stanford University 


Aircraft and Missile Propulsion. vol. 1, 
Thermodynamics of Fluid Flow and 
Applications to Propulsion Engines. 
538 pp. Illus. $11.50. vol. 2, The Gas 
Turbine Power Plant, Turboprop, 
Turbojet, Ramjet, and Rocket En- 
gines. 636 pp. Illus. $13. M. J. Zu- 
crow. Wiley, New York; Chapman 
and Hall, London, 1958. 


These two volumes represent a con- 
siderable step forward from the author’s 
earlier book, The Principles of Jet Pro- 
pulsion and Gas Turbines (Wiley, New 
York, 1948). Zucrow, a noted expert in 
jet propulsion and a teacher of many 
years’ standing, has recognized that the 
practices of jet propulsion have moved 
forward in the past decade and require 
a more comprehensive treatment. This 
he has provided. 

He has included rocket propulsion in 
these volumes, correctly categorizing it 
as a branch of jet propulsion. That 
rocket, propulsion belongs in this cate- 
gory has not always been well under- 
stood by other authors, some of whom 
have tended to separate air-breathing 
and rocket jet propulsion. 

Volume 1 consists of five chapters, of 
which the first is a review of fundamen- 
tal principles. This is one of the more 
valuable chapters, since it allows the 
reader to go back and “brush up” on 
fundamental principles without referring 
to other volumes. Indeed, laudable as 
the inclusion of this chapter is, one 
wishes the author had made it even 
longer, to include, perhaps, more defi- 
nitions—in particular of words such as 
entropy—and more background on com- 
pression and expansion processes in 
gases, 

One of the very important problems 
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facing the jet engine (and rocket en- 
gine) designer is that of heat transfer. 
Again, a separate chapter on the prin- 
ciples and practices of heat transfer 
would have been desirable. Indeed, since 
so much has been written on ballistic 
equations for space flight, and since 
other good treatises are available on 
solid-propellant rocket design, one wishes 
that the two chapters on ballistics and 
space flight in volume 2 could have been 
replaced by one very good chapter on 
the advanced principles of fluid me- 
chanics and heat transfer. 

Nevertheless, the author has vigor- 
ously and thoroughly covered (volume 
1, chapters 2-5) the general character- 
istics of propulsion systems, the thermo- 
dynamics of compressible fluid flow (in- 
clusion in this chapter of some of the 
theory and principles of shock tube phe- 
nomena would have been interesting), 
gas flow through nozzles, and flow 
through diffusers. In these later chap- 
ters, a more thorough treatment of 
rocket and jet-engine nozzle design 
would have been helpful. Some contro- 
versy and some empiricism are manifest 
in the rocket industry today in connec- 
tion with the design of the exhaust noz- 
zle. Some designers favor straight cones 
and other so-called “Prandtl” nozzles. It 
is true that Zucrow had no thought of 
catering to the designer (and this is 
proper), but at least a discussion of the 
gas flow phenomena in curved nozzles 
and of the related theory would have 
been helpful. 

In volume 1 Zucrow has included 
many tables which contribute greatly to 
an understanding of the theory that he 
presents. I found his charts of isentropic 
compressible flow and his tables of con- 
version factors for dynamic viscosity 
most helpful. 

There is, of necessity, some duplica- 
tion of material in volumes | and 2, but 
the latter concentrates more on the prac- 
tical problems of jet engines, covering 
gas turbine power plant cycles and analy- 
sis of ideal cycles (chapter 6); analysis 
of gas turbine power plants and the tur- 
bopropeller engine (chapter 7); and the 
turbojet engine (chapter 8). These three 
chapters are easily the most useful I 
have found in the literature, and section 
9 (of chapter 9), on the turbojet engine, 
which deals with flight performance at 
the design point, is remarkable for its 
conciseness and thoroughness. 

In chapter 9 the author devotes about 
60 pages to the ramjet. This important 
power plant, somewhat neglected in the 
literature, warrants all the description 
and analysis possible. Indeed, the chap- 
ter might have been rounded out a bit 
with a review of actual problems met in 
the last few years and discussion of the 
application of ramjets in the field of 
missile propulsion. There are some in- 
teresting variants of the ramjet and tur- 


bojet engines called turborockets and 
ramrockets. It is true that the author 
concentrates on fundamental principles 
as much as possible, but a description, 
at least, of these power plants would 
have been desirable. Perhaps this will be 
included in volume 3. 

Perhaps the largest single instance of 
increase in text material over the earlier 
book on jet propulsion occurs in chap- 
ter 10, “Rocket jet propulsion.” Some of 
the nomenclature and standard expres- 
sions—for example, “specific impulse” — 
reflect the author’s earlier work and 
show that standardization of symbols 
and terms in the field of rocket propul- 
sion has not yet been achieved. I had to 
refer continuously to the principal nota- 
tion at the beginning of the chapter (this 
notation covers more than two pages and 
is somewhat labored) in order to under- 
stand the equations or at least the terms 
the author has used in this chapter. The 
last section of the chapter, on questions 
of space travel and the multistage rocket, 
covers only eight pages and might as 
well have been left out, since, as was 
stated before, there are more volumi- 
nous books available on these subjects. 
Similarly, the author, in trying to cover 
as wide a field as possible, has included 
(section 8, chapter 10) a review of in- 
terior ballistics of solid-propellant rocket 
motors. While this material is useful, it 
might have been better used for, say, 
a thoroughly theoretical treatment of 
rocket combustion, particularly in one 
of the author’s pet fields, combustion 
instability. 

Six tables on enthalpies, rocket pro- 
pellant properties, and equilibrium con- 
stants complete this volume. 

In general, despite the minor short- 
comings I have noted, these two vol- 
umes are a most useful addition to the 
library of the engineer and designer who 
wants to get a good understanding of jet 
propulsion principles without having to 
refer to a vast number of treatises on the 
subject. 

Kurt R. STEHLING 
Naval Research Laboratory, 
Washington, D.C. 


Hydrogéologie. Introduction 4 létude 
des eaus destinées a !’alimentation hu- 
maine et a l’industrie. P. Fourmarier. 
Masson, Paris; Vaillant-Carmanne, 
Liége, Belgium, ed. 2, 1958. 294 pp. 
Illus. Paper, F. 3000. 


This book is the second edition of a 
well-known textbook of hydrogeology 
(or ground-water geology) which was 
published originally in 1939. Although 
the present edition contains only ten 
pages more than the previous edition, 
an expansion of about 20 percent has 
been accommodated by use of smaller 
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type. An improved coverage of water 
quality and of hydrology of arid re- 
gions accounts for much of the expan- 
sion. A useful summary of water puri- 
fication methods has also been added as 
an appendix. 

The book has three major parts. The 
first covers the general prineiples of 
occurrence and movement of ground 
water. Some of the topics in this sec- 
tion are the hydrologic cycle, porosity, 
permeability, confined water, unconfined 
water, and ground-water maps. The sec- 
ond part covers the utilization of water 
and includes discussions of water qual- 
ity, diversion of surface water, recovery 
of ground water, ground-water yield, 
ground water in areas of permafrost, and 
ground water in arid regions. The third 
section contains a discussion of ground 
water that has unusual thermal or chem- 
ical properties. 

Many of the recent advances in 
ground-water geology are not discussed. 
Topics such as well hydraulics, isotopic 
composition of water, and geophysical 
exploration for ground water are either 
not included or are treated superficially. 
Some of the terminology also lacks a 
modern perspective. For example, the 
term permeability is used to describe the 
variable that many hydrologists prefer 
to call “hydraulic conductivity.” The 
definition of permeability used in the 
book perpetuates Meinzer’s cumbersome 
expression, which, however, has been 
dressed in metric units. 

Despite these limitations, the book 
will be valuable to those who desire a 
general coverage of the topic. A liberal 
use of diagrams, combined with clear 
and concise writing, will serve to reduce 
the language barrier for those whose 
knowledge of French is limited. 

STANLEY N. Davis 
Department of Geology, 
School of Mineral Science, 
Stanford University 


Introduction to Nuclear Power Costs. 
Arnold Rochman. Simmons-Board- 
man, New York, 1959. 50 pp. $2.95. 


Information on individual nuclear 
power cost components is presented as 
a basis for an analytical study of nuclear- 
power economics. Such a study would 
be of great interest to the nuclear energy 
profession if it were based on current 
information. However, the author uses 
data derived from the open literature of 
the period 1946 to 1954, when classifi- 
cation restrictions were still in force. Be- 
cause of this, information of vital im- 
portance to nuclear-power economics, 
such as the cost of enriching uranium 
and the cost of processing spent fuel ele- 
ments, has been excluded. Such an omis- 
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sion gives one the impression that the 
study was made 5 years ago and just 
published. A book so out of date will be 
of little use in the rapidly expanding 
field of nuclear-power economics. Be- 
cause more authoritative and more cur- 
rent treatments of the subject are avail- 
able, the purchase of this book by 
libraries and individuals is not recom- 
mended. - 

James A. LANE 
Oak Ridge National Laboratory, 
Oak Ridge, Tennessee 


Conference on the Chemisiry of Muscu- 
lar Contraction. Igaku Shoin Ltd., 
Tokyo, Japan, 1958 (distributed in the 
United States by Charles E. Tuttle, 
Rutland, Vt.). 140 pp. Illus. 


The Committee of Muscle Chemistry 
of Japan has published in this book the 
papers presented at the Conference on 
the Chemistry of Muscular Contraction 
held in Tokyo in October 1957. Though 
it was organized on an _ international 
level, many leading laboratories in the 
field were not represented at the confer- 
ence, very probably for geographical 
reasons. Thus, the papers do not give a 
complete picture of the muscle research 
of today but present, understandably 
enough, a fairly good cross section of 
the work of Japanese investigators. In 
the postwar era a group of very active 
and enthusiastic Japanese workers made 
important contributions in the field of 
muscular contraction. The world-wide 
recognition that their work has received 
is reflected in the success of this confer- 
ence, where 11 of the 24 papers were 
presented by 22 foreign participants, 
from five countries. 

The character of the great majority 
of the papers is that of journal articles, 
complete with experimental materials, 
methods, and results. The presentation 
of discussions, written comments, and ad- 
denda, following each paper, helps put 
the data presented in the right perspec- 
tive. Though the conference was held 
nearly one and a half years ago, much 
of the material has not been published 
elsewhere as yet. 

It is beyond the scope of this review 
to evaluate critically the papers pre- 
sented. On the other hand, a few high- 
lights may be more appropriate than a 
mere table of contents. The controversy 
over whether myosin B dissociates or 
only changes its shape upon the addition 
of adenosine triphosphate is resolved in 
@ conciliatory manner by von Hippel, 
Gellert, and Morales. Myosin B contains 
three different types of particles; of 
these, upon the addition of adenosine 
triphosphate, the largest ones extend, the 
middle ones dissociate, and the smallest 





ones—corresponding to myosin A—do 
not change. Gergely and Kohler calcu- 
late from light-scattering data, with 
oversimplified theory, the stoichiometry 
and association constants of myosin A 
and F actin. Association and dissociation 
reactions in this system are established 
beyond any doubt; however, one should 
bear in mind that synthetic actomyosin 
and the natural myosin B appear to be 
quite different in nature. On the other 
hand, it seems that myosin B is not a 
simple polymer of myosin A, as the 
Morales group originally thought, but 
contains some sort of cement, which can 
be removed by centrifugation, as von 
Hippel reports in an addendum. 

Kominz, Saad, and Laki give an ac- 
count of the work on invertebrate tro- 
pomyosin and discuss the possible par- 
ticipation of the tropomyosins in the 
structure of myosin. Tryptic digestion of 
denatured myosin liberates a trepomyo- 
sin-like fragment, thus substantiating 
Laki’s theory that the tropomyosins are 
building stones of myosin. 

Asakura, Hotta, Imai, Ooi, and 
Oosawa, in a very instructive paper, 
show that the polymerization of actin is 
similar to the formation of a three-di- 
mensional network. Polymerization pro- 
ceeds only above a critical protein con- 
centration, which is decreased by in- 
creasing divalent cation concentration. 
The binding of the cations to actin can 
be demonstrated by electrophoretic and 
conductivity measurements, but there is 
no change in the binding properties 
when actin polymerizes or depolymer- 
izes, or even when it is inactivated 
by denaturation. Therefore, it is likely 
that the cation and the actin-to-actin 
binding sites are at a considerable dis- 
tance from each other. The authors re- 
port in an addendum the striking obser- 
vation that under certain conditions actin 
will act as an adenosine triphosphatase, 
dephosphorylating slowly not only the 
intrinsically bound, but also the extrane- 
ous, adenosine triphosphate. 

Tonomura, Matsumiya, Morita, and 
Kitagawa present double refraction of 
flow and viscosity data on myosin B so- 
lutions, which show that the particles in- 
teract strongly, forming an intermolecu- 
lar entanglement. They also studied the 
binding of pyrophosphate to myosin B 
by the equilibrium dialysis technique. 
The polyanion causes deformation of the 
myosin particles, and the deformed pro- 
tein has a much lower affinity for the 
pyrophosphate anions. Thus, most of the 
pyrophosphate is liberated upon defor- 
mation, but the deformation, once it has 
been accomplished, is not affected by the 
removal of the pyrophosphate anions. 

The interaction of pyrophosphate with 
myosin B was studied along different 
lines by Uchida, Miyazaki, and Nagai. 
Presumably pyrophosphate binds to the 
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same sites as adenosine triphosphate, 
thus acting as a competitive inhibitor of 
the adenosine triphosphate effects (aden- 
osine triphosphatase, viscosity response, 
superprecipitation). Magnesium ions 
seem to mediate the binding of pyro- 
phosphate. Engelhardt, reviewing the 
work of his laboratory, emphasizes that 
myosin can combine with substances like 
Congo red or nucleic acid, reproducing 
the properties of actomyosin. On the 
other hand, a myosin-like protein from 
sperm combines with actin, also giving 
an actomyosin-like complex. 

Considerable attention was given by 
the authors to the relaxing factors. 
Ebashi, discoverer of the relaxing effect 
of microsome preparations, reports on 
his studies on the effect of surface active 
agents and phosphatases upon the gran- 
ules. The adenosine triphosphatase and 
the relaxing activity can be dissociated, 
the latter being more labile than the 
former. The factor proved to be identi- 
cal with the Kielly-Meyerhof granules. 
Lorand, Molnar, and Moos also present 
data on the relaxing system. 

In a very interesting paper Natori and 
Sakai describe their experiments with 
isolated myofibrils. The dissection under 
oil permits the myofibrils to remain 
native, showing the same mechanoelas- 
tic properties as the muscle fibers and 
contracting upon addition of minute 
amounts of watery solutions. Strikingly, 
in their effect on contracting ability, “no 
difference could be found between ATP 
distilled water and NaCl solution.” 
Watanabe attempts to elucidate the 
role of sulfhydryl groups in contraction 
and relaxation of glycerinated fibers 
from the effect of heavy metals and sulf- 
hydryl reagents upon the mechanical 
properties of the fibers. 

Space does not permit review of the 
remaining 12 papers. The book presents 
a valuable source of material for all those 
who are engaged in investigation of 
muscular contraction. It is well printed, 
with numerous graphs and tables, but 
there are many typographical errors and 
the English of the Japanese workers 
somtimes is peculiar, though this does 
not affect one’s understanding of the 
text. 

ELemMer MInALy! 
National Heart Institute, 
National Institutes of Health 
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Space Charge in Exhaust of 
Motor Vehicles 


Abstract. Exhaust gases are electrically 
charged, usually positively but sometimes 
negatively. This charge does not depend 
on the electric potential of the vehicle. 
Whether the charge is positive or negative 
seems to depend on whether water drop- 
lets or carbon particles predominate in the 
exhaust. 


It has been shown (J) that clouds of 
ions whose net charge is sometimes posi- 
tive and sometimes negative frequently 
pass overhead at altitudes as low as 10 
meters or less. These ion clouds seemed 
to originate in motor vehicles, particu- 
larly, in heavy diesel-powered vehicles. 
This was confirmed by construction of 
a space-charge detector in the form of 
a cylindrical Faraday cage of window 
screening, 50 cm in diameter and 50 cm 
long. The cage was grounded. In the 
center of the cage was placed a polonium 
button which was connected directly to 
the input terminal of a Keithley elec- 
trometer (model 200A, zero centered) 
on which the cage rested. When positive 
(or negative) space charge enters the 
cage, the potential of the button may be 
several volts positive (or negative) with 
respect to ground. This cage was used 
to test the exhaust gases of the diesel 
engine of an earth-mover, and_ these 
gases were found to be strongly posi- 
tively charged. The exhaust gases of pas- 
senger automobiles were less strongly 
charged, sometimes positively and some- 
times negatively; occasionally they were 
uncharged. The exhaust gases of one 
diesel locomotive tested proved to be 
uncharged, It should be noted that Stim- 
mel, Rogers, Waterfall, and Gunn (2) 
have shown that, under certain condi- 
tions, ionization of the exhaust gases 





Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words, The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper, 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words, This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
l-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see “Suggestions to Contrib- 
utors”’ [Science 125, 16 (1957)]. 
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Reports 


plays an important role in discharging 
electricity from an airplane. 

In order to explain why the exhaust 
gases of motor vehicles are charged and 
to account for the sign of the charge, it 
was originally assumed that the ions 
were produced in the combustion cham- 
bers of the engine and that the sign of 
the emitted space charge depended on 
whether the rubber-tired vehicle was 
positive or negative with respect to 
ground. This theory would account for 
the lack of space charge in the exhaust 
of a diesel locomotive, since it is well 
grounded to the rails. 

To test this hypothesis further, a bun- 
sen burner was placed about 10 cm from 
the Faraday cage, and an oscillating fan 
was used to blow the exhaust gases from 
the burner into the Faraday cage. When 
the burner was 5 volts positive with re- 
spect to the cage, the electrometer indi- 
cated a reading between + 1.5 and + 2.0 
volts when the fan blew toward the cage, 
showing the presence of pronounced 
positive space charge. When the burner 
was 5 volts negative with respect to the 
cage, the electrometer indicated a read- 
ing between — 1.0 and — 1.5 volts, show- 
ing pronounced negative space charge. 
It is surprising that such a small poten- 
tial gradient produced such marked 
charge separation. Apparently most of 
the negative ions in the flame are elec- 
trons whose mobility is high enough to 
account for the observed charge separa- 
tion. It might be concluded from this 
experiment that if the chassis and ex- 
haust pipe of an automobile were posi- 
tive with respect to ground, the exhaust 
would contain positive space charge. 
Similarly, if the exhaust pipe was nega- 
tive, the space charge should be nega- 
tive. 

The same Keithley electrometer was 
used to measure the potential of a mov- 
ing car with respect to ground (contact 
with ground was obtained by dragging 
a brass chain). When the car was mov- 
ing, whether or not the engine was run- 
ning, the potential of the car was nega- 
tive. Two cars tested showed the same 
result, which is in agreement with other 
tests (3, 4) showing that rubber-tired 
vehicles generally are at a negative po- 
tential with respect to ground. However, 
when the space charge in the exhaust of 
these two cars was tested (cars in mo- 
tion), the space charge in each case, in- 





stead of being negative, as anticipated, 
was positive. 

It appears that the emission of space 
charge by the exhaust pipe of a motor 
vehicle does not depend on the poten- 
tial of the vehicle with respect to ground 
but is caused by contact potential dif- 
ferences between the exhaust pipe and 
particles in the exhaust such as water 
droplets or carbon particles. It is well 
known that wet steam in a locomotive 
exhaust is positive charged (5), and it 
is possible that the positive space charge 
in the exhaust of a motor vehicle is pro- 
duced by the same mechanism. 

To determine the sign of the charge 
on carbon particles, the following ex- 
periment was performed. The exhaust 
of an automobile was tested for space 
charge when the engine was “gunned”; 
generally, the needle of the electrometer 
would swing from full-scale negative to 
full-scale positive, the positive deflec- 
tion gradually decreasing as the engine 
slowed down. However, when the engine 
was choked so that black smoke was pro- 
duced in the exhaust, the electrometer 
needle swung full-scale negative and 
stayed there. Several cars tested _per- 
formed the same way. This indicates 
that the carbon particles in the exhaust 
of a motor vehicle are negatively 
charged. 

These results are consistent with the 
hypothesis that the exhaust of a motor 
vehicle may be positively or negatively 
charged, depending on whether water 
droplets or carbon particles predominate. 

When a motor vehicle, especially a 
heavy truck, is driven along a highway, 
it may acquire a high negative potential 
with respect to ground. This is due to 
the contact potential difference between 
tires and pavement. Beach (3) has 
shown that a drag chain under a gaso- 
line truck may be ineffective in discharg- 
ing the truck due to possible high resis- 
tivity of the pavement. It is suggested 
that the discharge of negative electricity 
on the truck might be accomplished by 
the simple expedient of running the en- 
gine with choke open at the end of a 
trip (6). 

C. J. BRASEFIELD 
Department of Physics, 
Southern Illinois University, Carbondale 
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ited, Relationship of 3a-Hydroxysteroid since the activities increase at higher pH at the present time to suggest that 
Dehydrogenase to Pyridine values. The specific activity of the 20- steroids are involved in the transhydro- 
pace Nucleotide Transhydrogenases fold purified enzyme of Hurlock and genase reactions of mitochcondria, al- 
otor Talalay (8) may be calculated from though the possibility that the enzyme 
yten- Abstract. It appears that the a-hydroxy- their data to be 1.1 mumole per minute has a cofactor always exists. As Talalay 
yund steroid dehydrogenases are not significant per milligram of protein, and therefore —_ has suggested (6-9), all steroid dehy- 
dif- entities in promoting transhydrogenase the activity of their enzyme in the un- drogenases might exhibit transhydro- 
and reactions in animal tissues. modified rat liver soluble fraction would _ genase activity, but it must be empha- 
yater An enzyme catalyzing the oxidation of be of the order of 0.05 mumole per min- sized that this does not imply that all 
well reduced triphosphopyridine nucleotide ute per milligram of protein, or about transhydrogenases are steroid dehydro- 
tive (TPNH) by diphosphopyridine nucleo- 0.05 percent of the specific activity of genases. In view of the extraordinarily 
id it tide (DPN) was found originally in ex- the reaction as it occurs in mitochon- great difference in transhydrogenase ac- 
arge tracts of Pseudomonas fluorescens (1). dria. It is of interest that the calculated tivity between the mitochondrial system 
pro- This enzyme was purified and was shown specific activity of the TPNH-DPN and steroid-linked dehydrogenases, we 
to mediate a direct and reversible trans- transhydrogenase linked to androsterone would question their statement (9) that 
arge fer of hydrogen between di- and triphos- in the rat liver soluble fraction is quite the latter enzymes function efficiently in 
ex- phopyridine nucleotides (1-3). The re- insufficient to account for the small net the transhydrogenase reaction. Even if 
1aust action is illustrated in Eq. 1. rate of reaction 2 we have observed in the low absolute activity of the trans- 
pace this fraction at pH 6.5, even if the dif- hydrogenase reaction cataylzed by hy- 
ed”; TPNH + DPN = TPN+DPNH (1) ference in the rate of reaction between droxysteroids is ignored, the fact that 
1eter . DPN and its acetylpyridine analog, in the activity of this reaction, as catalyzed 
re to The purified enzyme was shown to pos- the case of the placental enzyme (7), is by the placental enzyme, is about one- 
flec- sess no dehydrogenase activity toward all taken into account. tenth the activity of the dehydrogenase 
ine substrates tested (7). Furthermore, at- We have pointed out elsewhere (5) reaction (7) casts doubt on the signifi- 
gine tempts to duplicate transhydrogenase re- that the purified beef heart transhydro- cance of these enzymes in the transhy- 
pro- apa with DPN- and TPN-linked de- genase is not affected by estradiol-176. drogenase reaction in the cell. It is diffi- 
1eter hydrogenases failed (2). A similar ac- Similarly, we have now found that the cult to see how such low activities could 
and ney has been found in the mitochon- partially purified rat liver mitochondrial be of importance in regulating the flow 
per- drial fraction of many animal tissues enzyme will not respond to additions of electrons between the two forms of 
cates (#, 5). ‘ : of either androsterone or androstane- the pyridine coenzymes, even in the 
aust Recently, Talalay and his associates 3,17-dione. Significant differences exist soluble portion of the cell. 
ively have reported that purified preparations —_ in the K,, and rates of reaction with the The fact that a certain enzyme can be 
of the soluble fractions of human pla- various pyridine nucleotides between the manipulated to catalyze a given reaction 
| the centa (6, 7) and rat liver (8,9) which — jnitochondrial enzymes we have de- does not imply that this is a physiologi- 
1otor exhibit DPN- and TPN-linked dehydro- scribed (5) and the steroid-linked trans- cal role for the catalyst. Triosephosphate 
ively genase activity toward various 3a-hy- hydrogenase reactions described by Tala- | dehydrogenase will catalyze the oxida- 
vater droxysteroids can catalyze the above lay and his associates (7). tion of acetaldehyde; this, however, does 
nate. reaction (6-9). 3a-Hydroxysteroid de- It is clear from the above that the not impute a physiological role for this 
lly a eng apenhd ys Lig and enzyme from mitochondria is a differ- enzyme in the oxidation of acetaldehyde 
way, 1 Wes Deen puriied trom the latter ent entity from the soluble steroid de- (11). Under conditions of high lactate 
ntial fraction by Tomkins (10) and was em- _ hydrogenase, as Talalay and associates concentration generated by TPNH, 
1e to ployed by Hurlock and Talalay (8, 9) have stated (9). There is no evidence pyruvate, and concentrated lactic dehy- 
in the studies cited. We should like to . ; 
ween ‘ ; ; t 
tide clarify the relationship of the steroid de- 
aso- hydrogenases to the pyridine nucleotide st. beam é 
harg- transhydrogenase of mitochondria. Table 1. Reduction of the 3-acetylpyridine analog of DPN by TPNH in rat liver frac- 
a We have compared the activities of tions. All cuvettes contained 3 umole of KCN, 300 umole of potassium phosphate buffer 
presen the TPNH-DPN transhydrogenase (Eq (pH 6.5) or 60 umole of Tris - HCl (pH 8.3), and 0.6 umole of 3-acetylpyridine (DPN) 
ested 1) in the mitochondrial and ie a in a final volume of 3 ml. TPNH (0.4 umole) and androsterone [2 wg in 0.01 ml of diox- 
icity ities ak wad Tee Aides wore de- ane (8)] were added as indicated. The mitochondrial fraction was a suspension repre- 
d by : & 7 : senting 250 mg of fresh liver per milliliter in 0.5 percent digitonin (5); 0.05 ml of sus- 
e en- termined by following the reduction of pension containing 0.4 mg of protein was added to the appropriate cuvettes. The soluble 
of a the 3-acetylpyridine analog of DPN by fraction was the supernatant of a rat liver homogenate centrifuged 2 hours at 105,000 
TPNH (5). The method is illustrated g; 0.2 ml of this fraction, containing 2.4 mg of protein, was added to the appropriate 
—_— by Eq. 2. cuvettes. The reactions were followed at 375 mu (5), and the values were calculated 
assuming Emy = 5.1 for all changes in optical density. All values for cuvettes containing 
TPNH + acetylpyridine (DPN) > TPNH have been corrected for small changes in optical density in control cuvettes con- 
vdale TPN + acetylpyridine (DPNH) (2) taining TPNH but no analog. All values have been calculated from the slope of the initial 
The data are given in Table 1. At pH pracedy nots pawn te 
A, 4 6.5, but not at pH 8.3 (8), a small, but Acetylpyridine (DPNH) formed 
erfall, perhaps significant, stimulation of ana- " (mpumole/min per milligram 
t, 175 log reduction by the soluble fraction is Additions Fraction of protein) 
obtained in the presence of TPNH. The pH 65 pH 83 ry 
2, 83 net reaction is less than 1 percent of the ies ole Lt Sees 
a reaction in mitochondria and does not None Mitochondria 2.2 1.5 
ll puff appear to be influenced by the presence TPNH Mitochondria 114 66.5 
to go of androsterone. The relatively high rate None Mitochondria 2.2 2.0 
iid of endogenous acetylpyridine (DPN) TPNH + androsterone Mitochondria 121 67.9 
carry reduction in the unmodified rat liver None Soluble 1.5 5.5 
ae, soluble fraction appears to be due to the pekst Soluble 2.4 5.3 
é ndrosterone Soluble 1.5 5.3 
oblem. presence of DPN-linked dehydrogenase TPNH + androsterone Soluble 09 57 
and endogenous substrates, particularly 
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drogenase (0.8 mg/ml), Holzer and 
Schneider (12) were able to demonstrate 
a small reduction of DPN upon the ad- 
dition of unusually large amounts of this 
pyridine nucleotide (12 mg/ml). Al- 
though a similar reaction proceeded with 
somewhat greater facility in the case of 
glutamic dehydrogenase (/2), it is un- 
necessary to add that these observations 
do not establish physiological roles for 
either enzyme in pyridine nucleotide 
transhydrogenase reactions. 

We suggest that the term pyridine 
nucleotide transhydrogenase be reserved 
for enzymes exhibiting these activities 
as quantitatively primary functions, and 
which, by virtue of concentration in un- 
modified tissue fractions or high puri- 
fication, possess a reasonably high spe- 
cific activity (13). 

ABRAHAM M, STeEIn* 

NaTHAN O. Kaplan 
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Direct Experimental Observation 
of Cells in Phenomic Lag 


Abstract. By employing cells mutating 
at a very high spontaneous rate and a grid 
plate containing a medium totally selec- 
tive against mutant cells, direct micro- 
scopic observation was made of mutant 
cells of recent origin passing through a 
limited number of phenomic lag divisions. 


The concept that cells immediately 
following mutation are phenotypically 
normal and require several generations 
for mutant phenotype expression has 
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Table 1. Number of microcolonies of various terminal sizes on lactate grid plates. Cells of 
strain 14940 were plated from shaken cultures growing in lactate nutrient broth at 35°C, 











ey = No. of cells in final configuration* Total Total 
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7 0080 8.8 0 0 0 0 0 2 
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* Buds scored as cells. 


been invoked to interpret discrepancies 
in mutation rates estimated by various 
methods (/) and to interpret the effect 
of intermediate cultivation after ex- 
posure to mutagens on the number of 
mutants expressed (2). Ryan (3) re- 
viewed the evidence for phenomic lag 
and concluded that it was not compell- 
ing. 

The likelihood of direct observation 
of a newborn mutant in phenomic lag 
is unreasonably small when the muta- 
tion rate is low. When the rate is high 
(for example, 10 to 40 percent; as in 
the cytoplasmic mutation to respiration 
deficiency in some yeast strains) the di- 
rect observation of phenomic lag be- 
comes possible on a medium totally se- 
lective against the mutant. Under these 
conditions one predicts that normal cells 
should form colonies (complete devel- 
opment), old mutant cells or dead cells 
should fail to divide (no development), 
but mutant cells of recent origin should 
exhibit only one or a few divisions (lim- 
ited development), if phenomic lag does 
in fact occur. 

Intermittent observation of the devel- 
opment of many individual cells on an 
agar surface may be made if each cell 
can be relocated on a grid. A convenient 
grid plate may be constructed as fol- 
lows. Ten razor blades are clamped to- 
gether with the edges aligned on a plane 
surface. The blade edges are used to 
cross stamp the dry agar surface of a 
2-day-old plate lightly, yielding a grid of 
squares approximately 0.1 mm on edge. 
One drop of a cell suspension (about 
1x 104 cells/ml) is placed directly on 
the grid. If the agar is dry the drop is 
rapidly absorbed, and microscopic ob- 
servation may be begun almost imme- 
diately. The mechanical stage is modi- 
fied to accommodate a petri dish, the 
corner of the grid is located under low 
and then high power and, as the grid 
is scanned, each cell or configuration 
(singlet, doublet, triplet, and so on) is 
drawn on a paper facsimile of the grid. 
At timed intervals the grid is scanned 
and the number o/ cells in each con- 
figuration is again recorded. Intermit- 
tent microscopic observation may be 
made of the open plate for 48 hours 


without visible interference from air- 
borne contaminants. The tendency of 
growth to become confluent interferes 
with longer periods of observation. 

Two plating media have been em- 
ployed. One, a glucose nutrient agar, al- 
lows both respiration-deficient and res- 
piration-sufficient cells. to form colonies. 
The other, a lactate, nutrient agar al- 
lows only respiration-sufficient cells to 
form colonies (4). When a respiration- 
deficient clonal isolate of strain 14940 
(5) growing in exponential phase in 
glucose nutrient broth was transferred 
to glucose grid plates, essentially all 
cells or configurations developed to form 
colonies. A low frequency (less than 1 
percent) failed to produce a single bud 
and were considered dead cells. When 
aliquots of the same culture were stud- 
ied on lactate grid plates, not a single 
new bud was formed in more than 1000 
configurations. To test whether the res- 
piration-deficient cells had died on the 
lactate agar, a doughnut-shaped ring of 
filter paper impregnated with glucose 
was placed on the agar surface sur- 
rounding the grid. After some lag, essen- 
tially all configurations budded on the 
plates to which glucose had been added. 
These cells were therefore still viable. 
Although previous observations (4) had 
indicated that respiration-deficient cells 
were incapable of forming macro-colo- 
nies on lactate agar, the observation of 
the complete failure to form new buds 
on the lactate grid plate is more critical 
evidence for the totally selective char- 
acter of the medium against such cells. 
It does not, however, yield any informa- 
tion concerning the ability of respira- 
tion-deficient cells recently arisen from 
respiration-sufficient cells to produce 
buds in the selective medium. 

Strain 14940 exhibits a high sponta- 
neous mutation rate to respiration defi- 
ciency when it is growing exponentially 
in lactate nutrient broth at 35°C (about 
40 percent). When samples of this cul- 
ture were transferred to glucose grid 
plates, essentially all configurations (ex- 
cept 1 percent inviable) developed to 
microcolonies within 24 hours and to 
macrocolonies by 48 hours. On lactate 
grids however, many configurations (30.9 
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percent) developed only to a limited ex- 
tent, as is shown in Table 1. The ter- 
minal microcolonies formed were shown 
to be mutant and viable. When glucose 
was added to lactate grids after 24 hours, 
growth was resumed. On control grids 
which were not supplemented by glu- 
cose, only a few microcolonies produced 
additional buds between 24 and 48 
hours. Replating cells from microcolo- 
nies 24 hours after supplementation by 
glucose yielded only mutant colonies by 
tetrazolium overlay (6). Under different 
conditions or with other strains where 
the mutation rate was lower (about 1 
to 2 percent), a parallel decrease in the 
frequency of colonies exhibiting limited 
development was observed. 

The prediction of limited develop- 
ment for a considerable number of cells 
is thus fulfilled only with a strain show- 
ing a high mutation rate on a medium 
totally selective against the mutant. Fur- 
ther development is produced by delayed 
supplementation of the medium with a 
nutrilite which sustains mutant growth, 
indicating that development is not lim- 
ited by death. 

These observations are interpreted as 
the direct experimental observation of 
phenomic lag (7). When a respiration- 
sufficient cell produces a respiration-de- 
ficient bud, the latter still retains re- 
sidual respiratory enzyme capacity and 
can proceed through a number of divi- 
sions until its respiratory capacity is di- 
luted to the level of the respiration-de- 
ficient cell. Since the medium is totally 
selective against cells which lack respira- 
tory ability, mutant cell division ceases 
when the phenomic lag is completed. 

If one assumes essentially equal parti- 
tion of the residual respiratory capacity 
during divisions of a newborn respira- 
tion-deficient mutant, no more than four 
or five phenomic lag generations should 
be possible. The grid plate experiments 
indicate that no configurations exhibit- 
ing limited development reached a ter- 
minal size compatible with more than 
five phenomic lag generations. The con- 
figurations exhibiting fewer phenomic 
lag generations probably arose from mu- 
tations which occurred one or more gen- 
erations before plating. 

Maurice Ocur 
Ratpu St. JoHN 
SyLviA OcurR 
Department of Microbiology and 
Biological Research Laboratory, 
Southern Illinois University, 
Carbondale 
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Interaction of Curare and 
Related Substances with Acetyl- 
choline Receptor-Like Protein 


Abstract. Existence of a receptor pro- 
tein for acetylcholine has been postulated, 
and the hypothesis has been supported by 
experiments in intact cells. A protein from 
electric tissue has now been obtained in 
solution; there is striking parallelism be- 
tween the ability of this protein to bind 
acetylcholine analogs and the effects of 
such analogs on electrical manifestations 
of intact electroplax. 


The effect of acetylcholine in conduc- 
tion and transmission of nerve impulses 
has always been attributed to its action 
upon a “receptor.” Experimental evi- 
dence for the existence of a receptor has 
been obtained in studies with isolated 
electroplax of Electrophorus electricus 
(electric eel) (1). Recently Chagas and 
his coworkers have attempted to isolate 
the receptor (2). Their approach was 
based on the finding that radioactive 
triethiodide of gallamine (TRIEG)—a 
curare-like substance—is bound to a 
component (or components) present in 
an extract of the electric tissue of elec- 
tric eel, a tissue undoubtedly rich in the 
receptor. Such complexes appeared to 
exhibit a fair degree of specificity with 
regard to competition between TRIEG 
and other substances known to have an 
affinity for the receptor (2). However, 
the fact that the--formation of these 
complexes was reduced even in very di- 
lute salt (0.02M) raises the question of 
whether the macromolecule responsible 
for the observed binding was indeed the 
receptor, inasmuch as curarization of in- 
tact electroplax is readily accomplished 
even in 0.18M salt (3). Moreover, the 
competition of various substances with 
curare that is observed on intact electro- 
plax (3) differs in several respects from 
Chagas’ results as to their competitive 
action in solution. Further exploration 
of this problem therefore appeared de- 
sirable. 

The procedure followed (4) differs 
from that used previously in two im- 
portant aspects. First, the tissue extract 
was subjected to ammonium. sulfate 
fractionation and the resulting protein 
fractions were examined for their ability 
to bind curare and related substances. 
Since curare has two cationic nitrogen 
groups, it may react unspecifically with 
a number of macromolecules through 
Coulombic and van der Waals forces. 
Such binding was found to occur with 


nucleic acid and chondroitin sulfuric 
acid—components present to some ex- 
tent in electric tissue extracts but elim- 
inated by fractionation. Second, our 
method of studying the interaction is 
that of equilibrium dialysis (5) under 
controlled conditions of pH and ionic 
strength. Data thus obtained are less 
ambiguous than those from experiments 
in which binding has been determined 
after prolonged dialysis against large 
volumes of distilled water (2). All ex- 
periments were performed at 0°C and 
pH 7.5; it was assumed that equilibrium 
had been established when dialyzate 
analyses on successive days gave concen- 
trations which checked to within 5 per- 
cent. Concentrations were determined 
by ultraviolet absorption. Calculations of 
the amount of material bound were based 
on the concentration of the outside solu- 
tion of the particular substance when it 
was dialyzed against the protein as com- 
pared with the concentration when it 
was dialyzed against buffer. Analyses of 
inside solutions at equilibrium gave re- 
sults which agreed well with those cal- 
culated by the indirect method. 

The results are shown in Fig. 1. The 
following features appear to be perti- 
nent. (i) There is a striking qualitative 
agreement between the degree of binding 
of curare and related substances in solu- 
tion and the affinity of these compounds 
for the receptor, as measured by their 
effects on the electrical activity of intact 
electroplax (3). Thus, with respect to 
action on intact cell and the degree of 
binding in solution, these compounds 
have the following relationship, in de- 
scending order of effectiveness and bind- 
ing ability: curare, dimethyl curare, 
prostigmine, eserine. In both types of 
studies, dodecylpyridinium proved to be 
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Fig. 1. Binding of curare (d-tubocurarine ) 
and various related compounds to proteins 
obtained by ammonium sulfate fractiona- 
tion of electric tissue. Protein concentra- 
tion= 15 mg/ml, pH 7.5, 0°C. Curves 1 
and 2, p= 0.02; curves 3—7, = 0.1; curve 
1, curare; curve 2, dimethyl curare ; curve 
3, curare; curve 4, dodecylpyridinium 
chloride; curve 5, prostigmine sulfate; 
curve 6, eserine salicylate; curve 7, meth- 
ylpyridinium iodide. Curve 3 also shows 
data for binding of curare (0.004M) in 
the presence of (W) prostigmine (0.054) 
and (A) decamethonium (0.02M). 
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much more effective than the methyl- 
pyridinium compound. It is to be noted 
that bovine serum albumin at a com- 
parable concentration failed to bind any 
of these compounds, with the exception 
of dodecylpyridinium. (ii) The binding of 
curare, although salt-sensitive (compare 
curves 1 and 3), still occurred at a rela- 
tively high ionic strength (u=0.1). As 
could be predicted from these results, a 
decrease in the ionic strength of the 
medium surrounding the electroplax re- 
sulted in a marked enhancement of the 
effect of curare (6). (iii) Addition of 
decamethonium and prostigmine did not 
result in the displacement of curare from 
the complex in solution. In agreement 
with these observations, it was found 
that these compounds, which depolarize 
the electroplax in low concentrations, 
are without effect on electroplax blocked 
by curare even when they are applied in 
concentrations several times as high as 
that of the curare (3). 

The curare-binding component has 
been purified to a considerable extent by 
further fractionation of the extract with 
ammonium sulfate. A protein fraction 
has been obtained which, at a concentra- 
tion of 0.5 mg/ml (u=0.1; pH, 7.5), 
gives a precipitate with curare (2 mg/ 
ml). Under similar conditions, chondroi- 
tin sulfate (3 mg/ml), deoxyribonucleic 
acid (2 mg/ml), and proteins of other 
fractions (15 mg/ml) fail to precipitate 
with curare. The precipitate, which con- 
tains about 50 percent of the proteins 
in this fraction, can be further frac- 
tionated by prolonged dialysis against 
0.1 » phosphate, pH 7.5. Part of the 
precipitate (about 20 percent) goes into 
solution, the remainder being solubilized 
by dialysis at pH 9. It is suggested that 
the latter material, which has a protein 
ultraviolet spectrum, may form highly 
specific complexes with curare and re- 
lated compounds and thus has receptor- 
like properties. In line with the propos- 
als of Nachmansohn and Wilson (7), it 
will be of considerable interest to de- 
termine whether those neurotropic agents 
considered to be “receptor activators” 
can induce configurational changes in 
this protein and whether the so-called 
“receptor inhibitors” are ineffective in 
this respect (8). 

SEYMOUR EHRENPREIS 
Department of Neurology, 
College of Physicians and Surgeons, 
Columbia University, New York 
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Enzymatic Activity of a 
Genetically Altered Tryptophan 
Synthetase in Neurospora crassa 


Abstract. Partially purified preparations 
of certain tryptophan-requiring mutants 
of Neurospora crassa, which contain a 
protein (CRM) antigenically related to 
wild-type tryptophan synthetase, possess 
indole glycerol phosphate-synthesizing ac- 
tivity. This activity can be inhibited by 
anti-CRM sera. It is suggested that CRM 
in such mutants represents a damaged 
tryptophan synthetase lacking the capacity 
to react with L-serine. 


A number of microbial mutants un- 
able to form L-tryptophan from indole 
and .-serine have been described (/-3). 
Crude extracts of such tryptophan-re- 
quiring (td) mutants of Neurospora 
crassa and Escherichia coli contain no 
tryptophan synthetase activity, but in 
most instances the presence of large 
quantities of a protein (CRM) anti- 
genically related to tryptophan synthe- 
tase can be demonstrated (2; 4-6). 
Studies with E. coli (2, 6) have shown 
that CRM-containing preparations from 
certain tryptophan-requiring mutants will 
catalyze the conversion of indole glycerol 
phosphate to indole plus triose phos- 





phate. These results indicate that CRM 
in E. coli appears to be functionally as 
well as structurally related to tryptophan 
synthetase. Experiments to date, in which 
both the Neurospora and the E. coli sys- 
tems were employed (5-9), seem to sup- 
port the view that the CRM proteins 
may represent genetically altered trypto- 
phan synthetase molecules. 

The present report (10), based on 
antienzyme studies with the Neurospora 
system, demonstrates that the reaction: 


Indole + triose phosphate > 
indole glycerol phosphate 


which is catalyzed by certain CRM-con- 
taining preparations, can be specifically 
inhibited by anti-CRM serum. This anti- 
serum also inhibits the wild-type trypto- 
phan synthetase activity (5). 

Strain td, (/), a tryptophan-requiring 
mutant that accumulates indole and in- 
dole glycerol in culture filtrates (8), 
was used for most of these experiments, 
although preparations from several other 
strains appear, on preliminary screening, 
to give similar results. Partially purified 
td,-CRM preparations, known to cata- 
lyze the reaction (/1) 


Indole glycerol phosphate > 
indole + triose phosphate 


are able to convert indole and triose 
phosphate to indole glycerol phosphate. 
Maximum activity occurs only in the 
presence of fructose diphosphate, aldo- 
lase, and pyridoxal phosphate (/2). The 
methods for determining indole disap- 
pearance and indole glycerol phosphate 
formation have been described (2). Al- 
though some indole glycerol phosphate 
is synthesized, it is apparent that con- 
siderably more indole disappears from 
the reaction mixture than can be ac- 
counted for by the indole glycerol phos- 
phate formed. In addition, the rates of 


Table 1. Effect of anti-CRM serum on the enzymatic activity of CRM. A constant num- 
ber of tde-CRM (5) units was added to each of several tubes containing increasing 
amounts of anti-tde-CRM serum. The tubes were stored in an ice bath for 5 minutes, 
followed by the addition of the substrate mixture: (7.5 umole of indole, 10 wmole of 
fructose diphosphate, 40 wg of pyridoxal phosphate, 2 x 10°M glutathione, 0.2 ml of 
crude Neurospora aldolase, and 0.1M phosphate buffer, pH 7.8). The final volume per 
tube was 4.4 ml. Samples were incubated at 37°C for 1 hour. The reaction was stopped 
with 0.2 ml of 5 percent sodium hydroxide. Indole was extracted with 15 ml of toluene, 
and aliquots were assayed by the p-dimethyl aminobenzaldehyde method (2). 








Indole dis- 





appearing in 
Antibody Anti-CRM (unit) CRM (unit) reaction 
mixture 
(umole ) 
Anti-tde-CRM 45 AREA 0.40 
Anti-tde-CRM 60 Mid 0.02 
Anti-tde-CRM 120 lish 9.0 
tdi-absorbed anti-tdo-CRM 19 Pit 0.55 
tdi-absorbed anti-tde-CRM 38 aid 0.45 
td.-absorbed anti-tdo-CRM 76 ri Br! 0.0 
Anti-tdi Equivalent volume tid 0.75 
Nonimmune serum Equivalent volume Tied. 0.75 
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indole uptake and indole glycerol phos- 
phate formation differ significantly. 

Results similar to this have been ob- 
served in experiments on indole uptake 
with mycelial pads of strain td, (/3), 
suggesting that several products may be 
formed from indole during the course 
of the reaction. It should be emphasized 
however, that close agreement is ob- 
tained between indole uptake and the 
number of units of CRM in the extract, 
whether different aliquots of the same 
preparation or different preparations are 
compared. Furthermore, extracts of mu- 
tant strain td,, a mutant which forms 
neither tryptophan synthetase nor CRM 
(1, 4, 5, 14), exhibit no “indole uptake” 
activity. 

Rabbit anti-td, CRM sera (5) were 
tested for their ability to inhibit the in- 
dole reaction catalyzed by td,-CRM- 
containing preparations. It was found 
that unabsorbed anti-td, CRM serum, 
and anti-td, CRM serum absorbed with 
extracts of strain td,, a mutant which 
lacks both tryptophan synthetase and 
CRM (5) completely neutralize enzyme 
activity. As is shown in Table 1, anti-td, 
serum (5) has no inhibitory effect. 

These results seem to support the pro- 
posal that the CRM protein in Neuro- 
spora mutant td, is the protein respon- 
sible for catalyzing one or more reac- 
tions involving indole. It would appear 
most likely that td,-CRM represents one 
of a variety of possible types of ge- 
netically altered tryptophan synthetase 
molecules. In this case an alteration in 
protein structure seems to have elimi- 
nated the reactivity of the protein with 
L-serine, albeit an indole-combining site 
is still retained. It is well known that 
specific suppressor mutations are capable 
of partially restoring tryptophan synthe- 
tase activity in certain CRM-forming td 
mutants of Neurospora (1). Perhaps one 
mechanism of action of such suppressor 
genes involves the conversion of a CRM 
protein to active tryptophan synthetase 
by reactivating an inactive catalytic site 
on the CRM protein (7, 15). 

Sicmunp R. Suskinp 
ELKE JorDAN 
McCollum-Pratt Institute, Johns 
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Fat Changes during Adolescence 


Abstract. Lower thoracic fat, as meas- 
ured on serial chest plates of 259 children 
in Ohio, increased in girls, between ages 
6.5 and 14.5 years and, in boys, between 
ages 6.5 and 11.5 years. No evidence for 
a marked loss of “baby” fat in adolescence 
or for “waves” of fattening around the 
time of puberty was found. 


The literature on human growth re- 
fers to a number of changes in body fat 
during adolescence, including a loss in 
“baby” fat that is popularly believed to 
occur and the existence of several waves 
of fattening that supposedly occur either 
before or after the spurt in stature (/). 
However, currently available data are 
insufficient to confirm these generaliza- 
tions, and the still-limited findings are 
contradictory. 

In the present study, outer fat was in- 
vestigated on the lower thorax (2) at 
the level of the tenth rib, in 259 regular 
participants in the Fels longitudinal pro- 
gram, by means of serial posteroanterior 
chest radiographs. Sex-specific samples 
ranged from 16 to 93, the age range was 
6.5 to 17.5 years, and the average sample 
for each age group was 124. In the treat- 
ment of the data, median values were 
used because of the marked skewness of 
all 24 distributions. 

As is shown in Fig. 1, there was a 
parallel increase in fat on the lower 
thorax in both sexes from the 6th 
through the 11th year, the median values 
for the girls being about 1 mm (or 40 
percent) above those for the boys. 
Thereafter, fat on the lower thorax con- 
tinued to increase in the girls, reaching 
a thickness of 8 to 9 mm by the 14th 
year, while in the boys it stabilized at 
about 4.5 mm between the 11th and the 
17th years. No loss of “baby” fat was 
evident for the girls in this cross-sec- 
tional analysis, and the tiny (0.2-mm) 
decrease in the median values for the 
boys between 11 and 13 years was not 
statistically significant. 

Further analysis of the data, on a lon- 
gitudinal basis and on the basis of physi- 
ological events rather than chronological 


age, yielded similar results. For the girls, 
rearrangement of the fat measurements 
relative to the individual age at men- 
arche or to the year of the maximum 
spurt in stature confirmed the observa- 
tion that there is a fairly uniform in- 
crease in fat from childhood on. In the 
boys, the maximum accumulation of fat 
on the lower thorax generally preceded 
the year of the spurt in stature, and 
there was a suggestion that there is a 
small decrease about 2 years after this 
event. 

The lack of data that would indicate 
a period of fat loss, or of “waves” of 
fattening in girls, was in agreement with 
earlier findings on the same population 
sample (3) and with data on fat in the 
calves of girls in Boston (4). The trends 
in fat on the lower thorax of boys in 
Ohio, while in general agreement with 
trends in fat at other sites in the same 
group (3), were quite different from 
trends in fat in the calves of Boston boys 
(4) and different from trends found by 
pinch-caliper measurements of boys in 
California (1). While increase in fat in 
the boys was noted in all three studies, 
there was no agreement about when it 
began, when it terminated, when there 
was a fat loss, or when there was a 
steady-state leveling off. 

These discrepancies may be due to 
differences in the sites selected, since fat 
may increase on one part of the body 
and decrease simultaneously on another 
part during growth (5). Alternatively, 
the divergent trends apparently exhib- 
ited by California, Ohio, and Massachu- 
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Fig. 1. Continuous increase in lower 
thoracic fat in girls and parallel increase 
in boys, terminating at 11.5 years. By 14.5 
years the adult female/male fat ratio of 
180 percent (2) has been attained. 


1615 








setts boys may reflect true differences 
in the populations sampled. The sim- 
plest explanation that fits our data is 
that of a steady increase in outer fat in 
both sexes, with a temporary interrup- 
tion in the male during the period of 
steroid hormone differentiation. 
Stan.tey M. Garn 
Joan A. HASKELL 
Physical Growth Department, 
Fels Research. Institute, 
Yellow Springs, Ohio 
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Dissolution of Interlayers from 
Intergradient Soil Clays after 
Preheating at 400°C 

Abstract. Dehydroxylated interlayers 


have been removed from chlorite-vermic- 
ulite-montmorillonite intergrades by boil- 


ing the preheated sample in 0.5N NaOH , 


for 2.5 minutes. Elements extracted can 
be conveniently analyzed spectrophoto- 
metrically. A convenient method of esti- 
mating the amount of elements present in 
interlayer positions and preparing the 
sample for analysis for expanding and 
nonexpanding mineral components is thus 
provided. 


An intergradient chlorite-vermiculite- 
montmorillonite is one of a series of 
layer silicates having heat stability of the 
14-A spacing, cation exchange capacity, 
and specific surface intermediate be- 
tween those of the nonexpanding min- 
eral chlorite and the two expansible and 
collapsible minerals, vermiculite and 
montmorillonite. Layer silicates with 
properties intergradient between those 
of chlorite and expanding layer silicates 
have been identified in several soils in 
widely separated areas of the United 
States (1,2) and in England (3). 

The intergradient properties of such 
clays, relative-to properties of the typi- 
cal minerals, have confounded qualita- 
tive identification and prevented quan- 
titative determination of each of the 
component clay minerals in soils. Also, 
the aluminum generally present in inter- 
gradient clays of soils actively affects 
chemical reactions, particularly those of 
soil acidity and liming, phosphorus fixa- 
tion, and potassium fixation. 
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It has been found that the elements 
which give the intergradient properties 
can be dissolved from between the lay- 
ers after dehydroxylation of the inter- 
layers of preheating the dry, loose, hy- 
drogen-saturated clay at 400°C for 4 
hours. The dissolution is accomplished 
by boiling the preheated clay sample in 
0.5N NaOH (at a ratio of 40 ml of 
NaOH to 40 mg of clay) for 2% min- 
utes, which is the differential dissolution 
procedure of Hashimoto and Jackson 
(4). The Al and Si dissolved by the 
treatment are immediately determined 
colorimetrically (5). The iron oxide 
precipitated during the NaOH treat- 
ment is removed by the dithionite-ci- 
trate-bicarbonate method (6; 7, p. 57). 
Removal of allophane from the clay by 
the same dissolution procedure applied 
to a sample with only 110°C preheat- 
ing (4) permits calculation of the Al 
that is made soluble by the 400°C pre- 
heating. 

Elements dissolved from the samples 
preheated at 110° and 300°C had a 
small effect on the intergradient prop- 
erties, as is shown by some increase in 
intensity of the 18-A peak (Fig. 1) at the 
expense of the 14-A peak. However, the 
NaOH treatment of a different sample 
preheated at 400°C resulted in a marked 
increase in the amount of material which 
expanded to 18-A with Mg saturation 
and glycerol solvation and in the amount 
which collapsed to 10-A on K saturation 
and heating at 300°C in x-ray diffrac- 
tion preparations (7, p.<:184). 

A small amount (about 0.6 percent) 
more alumina removed after preheating 
at 400°C than after preheating at 300°C 
is responsible for the marked difference 
in the 14-to-10-A collapse in the x-ray 
preparation (Fig. 1). This aluminous 
interlayer which impaired 14-to-10-A 
collapse on heating at 300°C is stable 
to higher temperatures than is free 
Al(OH), as gibbsite, but to lower tem- 
peratures than complete Al(OH), inter- 
layers in chlorite. This is interpreted to 
indicate the presence in the intergrade 
of islands of positively charged hydroxy 
aluminum which bridge between poten- 
tially collapsible (and expansible)_ sili- 
cate layers. The percentage of alumina 
removed, when compared with that in 
complete gibbsite-like interlayers in alu- 
minous chlorite, indicates that the 
islands in the intergrade are of limited 
extent. 

Preheating the clay at 500°C de- 
stroyed the kaolinite, as is shown by the 
loss of the 7.2- and 3.57-A x-ray diffrac- 
tion peaks (Fig. 1). The possibility that 
the 7.2-A peak is indicative of chlorite 
is ruled out by the absence of 14- and 
4.6-4.8-A peaks (8) in the 400°C/K/ 
300°C sample (Fig. 1) and by the fact 
that soil chlorites which lose their 7-A 
peak and reinforce their 14-A peak on 
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Fig. 1. Elements extracted and x-ray dif- 
fraction curves before and after NaOH 
extraction of the 1—0.2 w fraction of Crosby 
soil, Az horizon, with various temperatures 
of preheating, f(t°C.), K or Mg saturation, 
and glycerol solvation followed by 25° or 
300°C heating of slides for x-ray diffrac- 
tion. 


500°C preheating are not appreciably 
dissolved by subsequent NaOH boiling 
(9). The differences (Fig. 1) between 
the alumina and silica extracted by the 
same NaOH extraction procedure (4) 
after the 400° and 500°C preheatings 
allocate to 15.1 and 15.5 percent kaolin- 
ite based on the two elements, respec- 
tively. Considerable increase in intensity 
of the 10-A peak (Fig. 1, 500°C/K/ 
300°C versus 400°C/K/300°C) may be 
due to increase in ordering produced by 
the removal of a small amount more in- 
terlayer aluminum after preheating at 
500°C than was removed after preheat- 
ing at 400°C. Thus the alumina allo- 
cated to kaolinite may be slightly high 
despite the agreement between the allo- 
cations to kaolinite of alumina and silica. 
A little excess silica must be allocated 
to a small amount of nontronite de- 
stroyed, as is shown by the small increase 
in iron oxides released by 500°C pre- 
heating over those released by 400°C 
preheating; this would allow for a small 
amount more alumina from the inter- 
grade made soluble by the 500°C pre- 
heating. 

The dehydroxylation-NaOH method 
of dissolving interlayers from layer sili- 
cate intergrades was found to be more 
effective, more rapid, and far more con- 
venient for analysis of the elements ex- 
tracted than the citrate (2) or fluoride 
(10) methods previously available. This 
method was tested on _ intergradient 
clays from Tatum soil (Virginia) and 
Cookeville soil (Kentucky) and _ was 
found to give results comparable to the 
above results with the Crosby soil clay 
(fT). 

J. B. Drxon 
M. L. Jackson 
Department of Soils, 
University of Wisconsin, Madison 
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Color Reaction for Certain 
Amino Acids, Amines, and Proteins 


Abstract. Proteins, certain amino acids, 
and amines undergo a potentially useful 
color reaction. The reaction involves the 
apparent formation of pyrroles when the 
compounds are allowed to react with ace- 
tonylacetone. The pyrroles yield colored 
complexes on coupling with p-dimethyl- 
aminobenzaldehyde. This report describes 
the specificity and possible uses of this 
reaction in colorimetric measurements and 
in paper chromatographic detection of 
these compounds. 


In experiments measuring hexosamine 
by the Elson-Morgan reaction (J) in 
various crude extracts, it was found that 
substitution of acetonylacetone for ace- 
tylacetone gave values much higher than 
expected on the basis of the indole HCl 
(2) or standard Elson-Morgan (1) 
methods. Preliminary results (3) indi- 
cated that this was not due to a greater 
color yield per unit of hexosamine, for, 
with a standard glucosamine sample, 
the use of acetonylacetone resulted in 
less color (about one-half) than use of 
acetylacetone. This suggested the possi- 
bility that the acetonylacetone reacted 
with a wide variety of amino compounds 
to form pyrroles (4) which were subse- 
quently available for coupling with p- 
dimethylaminobenzaldehyde. 

A study of the specificity (3) toward 
a number of compounds was under- 
taken. Amino acids, sugars, organic 
acids, purines, pyrimidines, amines (pri- 
mary, secondary, and tertiary), and 
many miscellaneous compounds were 
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tested. None of the sugars glucose, galac- 
tose, fucose, and rhamnose, at concen- 
trations as high as 10 mg/ml, gave ap- 
preciable color. Citric acid at the same 
level gave no color. The following pu- 
rines, pyrimidines, amino acids, amines, 
and miscellaneous compounds, at 0.5 to 
2 mg/ml levels (or saturation for those 
of low solubility), gave little or no color: 
xanthine, allantoin, adenine, creatine, 
guanine, hemin, uracil, urea, ribonucleic 
acid, triethanolamine, choline chloride, 
diphenylamine, aspartic acid, leucine, 
phenylalanine, glutamic acid, proline, 
cystine, methionine, isoleucine, valine, 
tyrosine, and tryptophan. In Table 1 
are given the relative light absorptions 
at 530 mp, of the compounds reacting 
positively. The color from compounds 
giving positive results was red, with the 
exception of aniline, which gave a very 
intense yellow color. The following pro- 
teins in concentrations as low as 1 mg/ 
ml also gave fairly intense red com- 
plexes: gelatin, egg albumin, lysozyme, 
and gastric mucin. It is evident that the 
sensitivity varied widely, being particu- 
larly high with certain amino acids, 
amines, and proteins. 

The positive reaction found for 
NH,OH (Table 1) is quite interesting 
and is included to indicate that precau- 
tions must be taken to exclude it; ex- 
clusion is also necessary when Ninhydrin 
is used (5). 

The conclusion that the color devel- 
oped with the amino acids, amines, and 
proteins was due to a coupling of p-di- 
methylaminobenzaldehyde with some 
product (perhaps pyrrole) formed by a 
reaction with acetonylacetone (but not 
with acetylacetone) is supported by the 
following control determinations. Direct 
treatment of the compounds with p-di- 
methylaminobenzaldehyde without prior 
acetonylacetone treatment gave no color 
other than a light violet with gastric 
mucin and a very slight yellow with 
tryptophan, citrulline, and urea. Treat- 
ment with acetonylacetone without heat 
gave similar results. Treatment with 
p-dimethylaminobenzaldehyde preceded 
by a heating period in the presence of 
Na,CO, but without acetonylacetone 
also gave the same results. Use of the 
standard Elson-Morgan method with 
acetylacetone on the same compounds 
yielded only the typical red color with 
glucosamine and a slight yellow with 
tryptophan, citrulline, and urea. 

The potential usefulness of this reac- 
tion stems from the following. First, the 
absorption spectra of representative ma- 
terials—egg albumin, gastric mucin, ly- 
sozyme, lysine, arginine, glycine, trypta- 
mine, histamine, and ethanolamine— 
all show peaks at 530 mu. The light ab- 
sorption at this wavelength is linear 
with concentration for the amino acids 
below 0.1 to 0.2 mg/ml, for the proteins 


Table 1. Relative color intensities of com- 
pounds reacting positively in the acetonyl- 
acetone test. 








Optical 
Compound density/mg 
at 530 mu 
Alanine 0.374 
Histidine 0.406 
Arginine 0.720 
Lysine 1.10 
Threonine 0.865 
Glycine 2.00 
Serine 0.285 
Ornithine 1.70 
Tyramine 1.60 
Citrulline 0.595 
NH.OH 0.950 
Ethanolamine 1.70 
Ethylenediamine 1.90 
Ethylamine 1.90 
Tryptamine 1.70 
Histamine 1.70 
Glucosamine 1.70 





below 1 to 2 mg/ml, and for the amines 
below 0.05 to 0.1 mg/ml. 

Second, the method may be useful in 
the measurement of protein. A compari- 
son of this method with the Biuret 
method (6) in the measurement of pro- 
tein is shown in Table 2. It is evident 
that the variation between individual 
proteins with the  acetonylacetone 
method is no greater than it is with the 
Biuret method and that it would be 
much less than with methods based on 
the measurement of a single amino acid 
(or types of amino acids such as those 
with 280 mu absorption, or reactions 
specific for tryptophan or tyrosine). 
The sensitivity of the acetonylacetone 
method is about 10 times greater than 
that of the Biuret method, as is shown 
in Table 2. The sensitivity is, however, 
less than that with the Folin phenol 
method (7) by a factor of 5 to 10. 

Third, the method may be useful as 
a dip reagent in paper chromatography. 
The most suitable method tried (8) re- 
sulted in pink to lavender colors with 
four lambda spots on filter paper of the 


Table 2. Comparison of the specificity and 
sensitivity of the biuret and acetonylace- 
tone methods in the measurement of 
proteins. 











Optical 
density/mg 
Protein at 530 mp 
: Acetonyl- 

Biuret acetone 
Gelatin 0.032 0.375 
Egg albumin 0.036 0.265 
Lysozyme 0.045 0.406 


Gastric mucin 0.039 0.318 
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following: glycine, arginine, lysine, his- 
tamine, tryptamine, ethanolamine, gela- 
tin, egg albumin, lysozyme, and gastric 
mucin at concentrations of 1 to 2 mg/ 
ml (9). 

Ricuarp F. KrEever 
Montana Veterinary Research Labora- 
tory, Montana State College, Bozeman 
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Mutagenic Effect of Oxygen 
on Barley Seeds 


Abstract. Resting barley seeds stored 
under oxygen at a pressure of 100 lb/in.* 
for 4 and 6 weeks exhibit a significant 
number of chromosome aberrations and 
mutations. The amount of cytogenetic 
damage increases with length of storage. 
The frequencies and types of changes are 
similar to those induced by 500 r to 1000 


r of x-rays. 


During experiments (J) on the rela- 
tion of oxygen to the aftereffects of x-ir- 
radiation in barley seeds, a distinct 
mutagenic action of oxygen was found. 
In 1957 resting seeds of barley (Hordeum 
vulgare, variety Himalaya) were stored 
for 6 weeks under oxygen and under 
nitrogen; both gases were at 100-lb/in.2 
pressure. Other seeds were stored in oxy- 
gen and in argon at the same pressure 
for 4 weeks in 1958. Unstored seeds pro- 
vided the controls. The moisture content 
of the seeds was maintained at 8 percent 
throughout the experiments by the pres- 
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Table 1. Frequencies of chromosome aberrations and seedling chlorophyll mutations in- 
duced in seeds of barley by oxygen, nitrogen or argon, at 100-lb/in.* pressure. 





Chromosome aberrations 


Seedling mutations 








Bridges Fragments 
Treat- No. - — : —— ee: No. 
ment ak No. No. of No. per 
cells No. per per plants plant 
cell cell 
Experiment 1* 
Oxygen 300 12 0.040+ 0.093+ 468 20 0.04+ 
Nitrogen 400 2 0.005 0.035 468 + 0.008 
Control 400 2 0.005 6.020 468 2 0.004 
Experiment 2t 
Oxygen 600 9 0.015 0.047} 803 14 0.017+ 
Argon 600 2 0.003 0.020 774 3 0.004 
Control 600 3 0.015 761 1 0.001 


0.005 





* 1957 experiment; 6-wk storage period (summary of four replications). + Significant at the 5-percent level. 
= 1958 experiment; 4-wk storage period (summary of seven replications). 


ence of calcium chloride in the storage 
chambers. 

Dicentric bridges and acentric frag- 
ments were scored in the shoot tips of 
M, seeds, and seedling chlorophyll mu- 
tations were recorded in the M, popu- 
lations. Details of the storage, cytologi- 
cal, and mutation techniques have been 
published elsewhere (2). Because of the 
method used in gathering the data, it was 
theoretically possible to obtain numbers 
larger than 100 percent; however, in the 
data presented in this paper the numbers 
are well below 100 percent; therefore 
differences between means were tested 
for significance by the method and tables 
of Davies (3) designed for percentage 
data. 

Significant increases in chromosome 
aberrations and mutations were found 
following the oxygen treatment in both 
experiments (Table 1). Neither the 
argon nor the nitrogen treatments dif- 
fered significantly from the control 
treatments. Thus it appears that pressure 
alone is not mutagenic. 

The difference in the number of chro- 
mosome aberrations and mutations be- 
tween the two experiments is considered 
to he due to the length of time of stor- 
age. In the first experiment the barley 
seeds were under oxygen for 6 weeks, 
and in the second experiment for only 4 
weeks, 

Previous reports have recorded either 
chromosome aberrations or mutations in- 
duced by oxygen in biological material. 
Conger and Fairchild induced chromo- 
some aberrations in Tradescantia pollen 
by high oxygen pressure (4). Since the 
present study was initiated, high oxygen 
pressure has been reported to induce 
mutations in Escherichia coli (5) and 
chromosome aberrations in seeds of bar- 
ley (6) and Crepis capillaris (7). 

The frequencies of chromosome aber- 
rations and mutations in oxygen-treated 
seeds are similar to those induced by 
500 r and 1000 r of x-rays (8); further- 
more, the types of changes induced by 


both mutagens are similar. These results 
support the postulate of Gerschman 
et al. (9) that a common mechanism 
may be operating in the biological effects 
of oxygen and x-irradiation. 

It is well known that cytogenetic 
changes occur in aged seeds, although the 
cause of these changes is not well under- 
stood (10). The demonstration of the 
mutagenic action of oxygen in seeds may 
aid in understanding this process. Over a 
prolonged storage period, the atmos- 
spheric oxygen may directly or indirectly 
cause the chromosome breaks and muta- 
tions that arise in aged seeds. Further- 
more, the results described in the present 
paper are providing an understanding of 
the relationship of oxygen to post-x-irra- 
diation damage and to the indirect effects 
of x-rays in seeds. 

W. E. Kronstap 
R. A. Nizan 
C. F. Konzak 
Department of Agronomy, 
State College of Washington, Pullman 
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____ Kodak reports on: 


blood in depth ...a way to stiffen oil ...a nice material 


to coat with photographic emulsion 


The sanguinary details 





Among the red cells, three of the principal types of white cells, left to right: 
a lymphocyte, representing about 30% of the white cells; a neutrophil, 
representing 60%; an eosinophil, representing about 2%. 


The objective documenta- 
tion of hematological observa- 
tions through properly con- 
trolled photomicrography is 
treated with some depth in the 
current issue of our periodical 
Medical Radiography and Pho- 
tography. It contains some ex- 
cellent color photomicro- 
graphs, including a series which 
a depicts the maturation of hu- 
man blood cells. However, if 
we were to go to the expense 
of reproducing the color on 
this page, it would use up 
money better spent in face-to- 
face instruction in hematologi- 
cal photomicrography for those 
who need it. You can look at 
the color all you want to by 
requesting a copy of the blood 
issue of M. R. & P. from East- 
man Kodak Company, Medi- 
cal Sales Division, Rochester 
4, N. Y. 

More film may be expended on 
Old Faithful in Yellowstone Nation- 
al Park than on all the blood in the 


world. Every man has his own idea 
of a natural marvel to photograph. 


Megaloblastic cells, character- 
istic of the pattern of red cell 
maturation in pernicious anemia. 





Erythrophagocyte, seen in an un- 
common blood condition, where 


white cells swallow red cells. 
Here is one that has eaten three. 





Look, mal Practically no hydrogenation! 


3 

' 

? 
? 
; 
; 
: 





1, Into a liquid triglyceride such as 
cottonseed oil put a small percent- 
age of monoglyceride made from 
any saturated fat. 


2. Heat to about 75°C and cool. 


This works only with exception- 
ally pure monoglycerides such as 
we make by molecular distilla- 
tion in carload quantities. To find 
out more, write Distillation 
Products Industries, Rochester 3, 
: N. Y. (Division of Eastman 
if Kodak Company). 





3. The oil becomes a stiff solid. The 
crystalline matrix holds the oil for 
prolonged periods with practically 
no leakage. 


This is another advertisement where Eastman Kodak Company 
Probes at random for mutual interests and occasionally a little 
revenue from those whose work has something to do with science 
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Flatness 


Complexity, complexity! Rest the mind on a simple product, 
a photographic-emulsion-bearing rectangle 6.0 millimeters 
thick, 190 millimeters wide, 215 millimeters long, and flat 
within 0.00002-inch per inch. We mean: Nowhere on the sur- 
face bearing the emulsion will it be possible to draw a circle 
of one-inch di taining a point of the surface more 
than 0.00002-inch distant from the plane of the circle. 
Though achievement of such flatness is not simple, that is none 
of the user’s business. 

The user’s business is to know the path of a man-made 
object moving across the sky and to know it with the best pre- 
cision that man can currently master for the task. The work 
requires dimensional constancy of the material which bears 
the image. 

That material is glass, a substance known to the Phoenicians 
and since improved. Our kind alters its linear dimensions by 
0.00045 % for each degree Fahrenheit of temperature change. 
Polyester, the most dimensionally stable of commercially 
available plastics, is called “‘stabilized’’ when its temperature 
coefficient is brought down to twice that. For the hardened 
steel from which gage blocks are made, the linear expansion 
coefficient is down to 0.00056%. Steel is opaque and does 
wicked things to sensitive emulsions. 

George Eastman quit his job as a bank clerk in 1881 when he found 
he could coat emulsion on glass and sell it. That’s how our whole busi- 
ness started. Don’t think of the photographic plate as an antique, how- 
ever. To find out how wrong that would be, try putting a question to 
Eastman Kodak Company, Special Sensitized Products 
Division, Rochester 4, N. Y. For one thing, you could 
= about those ballistic camera plates announced 
above. 
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astern "iob-sized’”’ pumps 
and stirrers save 


- »& weight « space + power © costs 









| Eastern has - 
- the right 





_ they might have been ' 
i gust tor it . 
A complete engineering service 
to help you, and a big selection 
of more compact, versatile, high 
_ performance pumps and stirrers 
this is the formula for your 
"quick and easy choice. — 


| Send for laboratory equipment 
bulletin No. 1540 








Try UN ITRON' Snew 




















The Model MPS is a precision instru- 

ment designed to meet the exacting 

requirements of science, education 

and industry. Ideal for work in chemis- 

try, crystallography, biology. as well as 

the technology of paper, glass, textiles 

and petroleum. 

© Eyepieces: 5X (micro.), 10X (cross.) 

® Objectives: 4X, 10X, 40X, achro- 
matic, strain-free, centerable 

© Nosepiece: quick-change type 

* Substage condenser: focusable, 
3-lens, swing-out top mount, iris 
diaphragm 


* Polaroid polarizer: rotatable 360° 
* Polaroid analyzer: in sliding mount 
© Bertrand lens: centerable 


* Stage: 115mm diameter, revolves 
360°, reads to 6’ with vernier 


* 2 Compensators: quarter-wave 
plate and first order red plate 


* Focusing: both coarse and fine 
FREE TEN-DAY TRIAL 

Quantity prices on three or more 

Accessory mechanical stage $14.75 


INSTRUMENT DIVISION of UNITED SCIENTIFIC CO. 
204-206 MILK STREET BOSTON 9, MASS. 














t Please rush UNITRON’s Microscope Catalog 4R-2 
| Name. 
H Company. 
i] Address. 
City. State. 
5 SS A SS SS SS ee 
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A wide range «. . 

in midget pumps: 
centrifugal and positive 
pressure models — motors 
from 1/30 to 1/3 hp, 
capacities to 20 gph, 
pressires to 60 psi. 


in variable speed stirrers: 
From 1/100 to 1/15 hp 
non-sparking motor with 
clamp or ring stand 
just right for your 

lab use. 


EASTERN INDUSTRIES, INC. 


POO SKIFF STREET e HAMDEN 14, CONNECTICUT 








FLASH 
EVAPORATOR 





Continuous Model No. FE-2C 
Evaporation under Rap sy pressure — 





wi $0 
lutions and high Sale pe le. 8. ee 
butanol) are used. 


® Ideal for separation of: 
Cc ated soluti 


that would 





otherwise foam 
Heat and air sensitive solutions 

®@ Performs separations in a fraction of 
the time required by conventional 


methods 


@ Easily disassembled to remove sol- 
ute and also for cleaning 

PRICE COMPLETE (with Thermo Regu- 

lator), F.O.B. New York $330.00 


Also available: 


FLASH EVAPORATOR 


FE-2. Regular model for —— ‘gg 


Price complete 


$215.50 F.O. 


Write for additional information 





a INSTRUMENTATION 


ASSOCIATES 


Distributors of 
Laboratory and Scientific Specialties 


17 West 60th Street 


New York 23, N. Y. 











Meetings 
Science Congress at Singapore 


The University of Malaya, at Singa- 
pore, was host to an international bio- 
logical congress held at the university on 
2-9 Dec. 1958. The congress was in cele- 
bration of the centenary of the formula- 
tion of the theory of evolution by Charles 
Darwin and Alfred Russel Wallace, and 
the bicentenary of the publication of the 
tenth edition of the Systema Naturae of 
Linnaeus. Singapore was a particularly 
appropriate site for such a meeting, 
since this city served Wallace as a base 
of operations during his 6-year sojourn 
in Malaya, when he formulated his con- 
cept of the mechanism of evolution. 

Guests from 12 countries, represent- 
ing four of the five continents, partici- 
pated in the program, which lasted a 
full week. Sunday was taken up with 
conducted field trips to places on Singa- 
pore Island of special interest to biolo- 
gists. The official guests were J. B. S. 
Haldane (Indian Statistical Institute, 
Calcutta), G. S. Carter (University of 
Cambridge), and H. G. Andrewartha 
(University of Adelaide). The Royal 
Society of London was represented by 
E. J. H. Corner, the British Association 
for the Advancement of Science by H. 
Munro Fox, the Zoological Society of 
London by R. D. Purchon, and the In- 
stitute of Biology by J. R. Audy. Pur- 
chon was chairman of the organizing 
committee, and Roland Sharma was 
general secretary. 

Haldane served as president of the 
congress, and his presidential address, 
“The Theory of Natural Selection To- 
day,” provided the keynote of the pro- 
gram. After affirming that, after a hun- 
dred years, the concept of natural selec- 
tion as an agent in evolution is more 
firmly established than ever, Haldane 
suggested that “the next great step in 
biology, comparable to those we are 
celebrating today, may be made—or may 
already have been made—in a tropical 
country.” He further suggested that “the 
lack of complicated apparatus may even 
stimulate us to look at what is before 
our eyes.” 

A total of 68 papers was presented, 
under the general categories of evolu- 
tion, parasitology and entomology, z00- 
geography, terrestrial ecology, fresh-water 
ecology, genetics, anthropology, system- 
atics, and botany. Emphasis throughout 
was on evolution (especially on those 
aspects of evolution that can best be 
studied in the tropics) and on tropical 
ecology, especially as it affects human 
welfare and well-being. The necessity 
for understanding the ecology of the 
tropics—so different in many ways and 
so much more complex than the ecol- 
ogy of temperate zones—if man is to 
avoid disaster in his attempts to manage 
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tropical nature was repeatedly stressed 
by speakers and discussants. The Uni- 
versity of Malaya proposes to issue a 
volume containing the papers read at 
the congress. Abstracts of the papers 
have already been published by the uni- 
versity. 

Participants were given a choice of 
three tours to various parts of Malaya, 
each under the leadership of a staff 
member of the zoology department of 
the university; these enabled foreign 
visitors to see something of tropical 
biology firsthand. One tour, to the King 
George V National Park in north-cen- 
tral Malaya, was conducted by J. R. 
Hendrickson. The park contains 1700 
square miles of virgin tropical rain for- 
est, in which the visitors lived and 
worked for a week; emphasis was on 
tropical terrestrial ecology. A second 
tour, along the west coast of Malaya as 
far north as Penang, which was led by 
D. S. Johnson, explored the various 
types of fresh waters in Malaya and 
studied tropical fresh-water ecology. A 
third tour, to Raffles Light in the Straits 
of Singapore, led by R. E. Sharma, 
studied tropical marine ecology. 

It was generally agreed that the con- 
gress was an outstanding success. It was 
well organized and efficiently run, and it 
emphasized problems that are pertinent 
to the tropics in general and to South- 
east Asia in particular. The papers pre- 
sented were of the highest calibre. In 
view of the fact that the University of 
Malaya is only 9 years old, the centenary 
and bicentenary congress was nothing 
short of a triumph. 

D. Dwicut Davis 
Chicago Natural History Museum, 
Chicago, Illinois 


American Statistical Association 


The 119th annual meeting of the 
American Statistical Association will be 
held in Washington, D.C., 27-30 De- 
cember, with headquarters at the Shore- 
ham Hotel. The 4-day meeting will have 
more than 50 technical sessions covering 
the methodology and application of sta- 
tistics in many different professional 
fields. The sessions are sponsored and 
organized by the five sections of the 
American Statistical Association—Bio- 
metrics, business and economic statistics, 
physical and engineering sciences, social 
statistics, and training—and by the In- 
stitute of Mathematical Statistics. This 
meeting will be joint with a number of 
other societies, among them the Amer- 
ican Economic Association, the Ameri- 
can Finance Association, the Biometric 
Society (ENAR), and the Institute of 
Mathematical Statistics. 

Further information regarding the pre- 
liminary program and other details will 
be available from the American Statis- 
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tical Association office, 1757 K St., NW, 
Washington 6, D.C., later this year. The 
program will be under the general chair- 
manship of Charles D. Stewart, Deputy 
Assistant, Secretary of Labor, U.S. De- 
partment of Labor, Washington, D.C. 


Animal Cell Biology 


The fourth annual Conference on 
Quantitative Study of Animal Cell Biol- 
ogy in vitro will be conducted by the 
department of biophysics of the Univer- 
sity of Colorado, 31 August-3 Septem- 








New Versatility in Polarographic Analysis 


ber. The course is sponsored by the 
Colorado division of the American Can- 
cer Society and is open to persons with 
the doctorate degree who are doing re- 
search or graduate teaching in biology 
and medicine, and to students who are 
currently enrolled as candidates for the 
Ph.D. degree in biological disciplines. 
Lectures and laboratory demonstra- 
tions illustrating the basic techniques 
will be presented, but major emphasis 
this year will be placed on application 
of the quantitative methodologies to 
problems in mammalian cell genetics 
and chromosome analysis, biochemistry, 
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WIDE-RANGE FISHER ELECDROPODE® 


¢ Manual or automatic operation 

¢ Measures concentrations of 0.01 to 
0.00001 equivalents per liter 

¢ Increased potential range (—3 to +2 
volts) 

e Line-operated, without tubes or 
batteries 

¢ Separate polarographic cell permits 
thermostating 

e Accessory for amperometric 
titrations 

Modern electronic design has increased 

the usefulness of the all-new Model 65 

Elecdropode. Its extended potential 

range makes possible the accurate qual- 

itative and quantitative analysis of a 

greater variety of inorganic, organic 

and biological materials. There are 


Fisher Scientific Company, 
139 Fisher Building, Pittsburgh 19, Pa. 


polarographic methods for trace metals 
in alloys or body fluids . . . for alkaloids 
and antibiotics . . . for oxygen, halides 
and many other positive and nega- 
tive ions. 

Use of a Model 66 Recorder makes 
determinations fully automatic and 
doubles the 400-to-1 sensitivity range. 
The Amperometric Titrimeter® acces- 
sory carries the range down to 106 
or lower. 

The stable power supply requires no 
vacuum tubes or batteries, except a 
mercury reference cell. The Elecdro- 
pode runs directly on any 115-volt, 50- 
or 60-cycle a-c line. 

For full details, please write address 
shown below: B-102b 


FISHER 
SCIENTIFIC 


IN THE U.S.A. Cleveland St.Louis IN CANADA 


Boston Detroit Washington Egmonton 
Buffalo 


ew York 
Charleston, W.Va. Philadelphia IN MEXICO Montreal 
Chicago Pittsburgh Mexico City Toronto 


America's Largest Monufacturer-Distributor of 
laboratory Appliances & Reagent Chemicals 
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Inertial 
Guidance 
Gyros? 


New 


MITAC 


Gyroscope 





From Cenco—developed by MIT and the AC Spark Plug | 
Div. of General Motors. For visual demonstration of gyro- | 
scopic principles—inertia, precession, nutation, single and | 
two degrees of freedom gyro, automatic pilot or inertial 

ar of motion. Motor driven. 
Complete with built-in turn table and handbook of experi- 
No. 74730 Deluxe Research Model $254.00 


guidance, gyro compass, 


ments and theory 


Comeo 





CENTRAL SCIENTIFIC CO. 


A Subsidiary of Cenco Instruments Corporation 
1718M Irving Park Road © Chicago 13, Illinois 
a s W, % . . N 


s! | 


NaCl, KBr, 








virus-host cell interaction, and radiation 
studies. Possible uses of these methods 
in clinical medicine will also be consid- 
ered. Participants should possess ac- 
quaintance with the principles of sterile 
technique and with the philosophy of 
quantitative microbiology. 

Because requests for admission have 
in the past always exceeded the avail- 
able facilities, applicants, up to the limit 
of 50, will be accepted in order of re- 
ceipt of their completed applications. 
Inquiries should be addressed to the De- 
partment of Postgraduate Medical Edu- 
cation, University of Colorado Medical 
Center, 4200 E. 9th Ave., Denver 20, 
Colo. 


Mammalogists to Meet 


The American Society of Mammalo- 
gists will meet 22-24 June in Washing- 
ton, D.C. Sessions will be held at the 
U.S. National Museum Auditorium, 
and meeting headquarters will be at the 
Harrington Hotel. The program will in- 
clude technical papers that cover a di- 
versity of basic mammalogical and eco- 
logical studies carried on throughout 
North America. Special tours are sched- 
uled to the Fish and Wildlife Service’s 
Patuxent Research Refuge in Maryland 
and the National Zoological Park. A 
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Boston ¢ Birmingham ¢ Santa Clara e Los Angeles ¢ Tulsa 
Houston ¢ Toronto Montreal « Vancouver # Ottawa 


INFRARED 


Crystals are not ju 
Years of research and development have en- 
abled us to produce consistently the highest 
quality crystals obtainable and at attractive 
prices. We go all out to serve you with 
HIGHEST QUALITY 

ATTRACTIVE PRICES »+ PROMPT DELIVERY 
| —three good reasons why leading spectro- 
scopists everywhere are turning to Isomet for 
| their crystal needs, Why don’t you try us on 
| your next order. 


KCI, KI, 
Rough blanks, polished windows, prisms, special shapes, 
Standard liquid and gas cells; special cells. 
Repair and polishing service for cells and windows, 

KBr Pellet Powder. 
WRITE TODAY for price list and 
free Technical Bulletin No. 1577. 












st a sideline at IsomeET. 


CsBr, Csi, BaF,, MgO 


Tsomet- 


CORPORATION 


P.O. Box 34—Palisades Park, N. J. 





banquet and a program of outstanding 
cocumentary films are planned for the 
evening of 23 June at the Cosmos Club. 
Further information may be obtained 
from Viola S. Schantz, General Chair- 
man, United States National Museum, 
Washington, D.C. 


Symposium on Hematin Enzymes 


Under the auspices of the Interna- 
tional Union of Biochemistry, a sym- 
posium on hematin enzymes is to be held 
in Canberra, Australia, between 31 Au- 
gust and 4 September 1959. The sympo- 
sium is being arranged by the Australian 
Academy of Science, and participation 
is by invitation. 

About 40 scientists are expected to at- 
tend. Papers will be concerned with 
aspects of the following topics: the bio- 
genesis and metabolism of heme com- 
pounds; the chemistry of hemoproteins, 
regarded as iron complexes, and as pro- 
teins; cytochromes and cytochrome oxi- 
dase; catalases and peroxidases; the 
respiratory chain and cellular organiza- 
tion; and problems of classification and 
nomenclature of cytochromes. The pro- 
ceedings of the symposium are to be pub- 
lished by Pergamon Press in a special 
volume. 

The costs of this meeting are being 


borne by the Australian Academy of 
Science, the International Union of Bio- 
chemistry, and the Wellcome Trust. 
Travel of some overseas participants is 
being supported by the appropriate or- 
ganizations in their respective countries. 

A meeting of the Cytochrome Sub- 
commission of the I.U.B. Commission 
on Enzymes is to be held in the week 
following the symposium. 

Professor R. K. Morton, Department 
of Agricultural Chemistry, University 
of Adelaide, South Australia, is con- 
vener of the organizing committee of the 
symposium. 


Infrared Symposium 


Some 300 scientists are expected to 
gather on 30 June at the University of 
Michigan, Ann Arbor, for the 44th 
Infrared Information Symposium. Rep- 
resenting industry, government, and 
academic institutions, they will hear pre- 
sentations concerning infrared reconnais- 
sance equipment, interpretation meth- 
ods, and new concepts. The meeting will 
deal mainly with reconnaissance. 

Attendance is by invitation; only those 
persons with a security clearance and a 
“need to know” will be admitted. The 
symposium is one of a continuing series 
of classified meetings on military appli- 
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PHOTOVOLT Line-Operated 
e e 
Multiplier FLUORESCENCE METER 
Mod. 540 
Es | | 
| 
CENCO 
No. 71858 
ae 
ii i mt i \ NOW '! a /ow cost Michelson 
e High-sensitivity for measurement of low concentrations 4 Ni T = R F ERG ETER 
(full-scale setting for 0.001 microgram quinine sulphate) This precision instrument is ingeniously designed to provide 
O e Micro-fluorimetry with liquid volumes as low as 1 ml -2% accuracy at minimum cost. Directly calibrated in 
e e Low blank readings, strict linearity of instrument response angstroms. Clear, well defined fringes are observable and 
% e Universally applicable due to great variety of available fil- measurable. Refractive properties of transparent materials 
ters, sample holders, adapters and other accessories can be easily studied. Sturdily constructed for classroom 
fe @ Interference filters for high specificity of results and for or laboratory 7 bial siciiiie aae eae 
determining spectral distribution of the fluorescent light a ; . Pye aaa es : ye $209 95 
e High-sensitivity nephelometry for low degrees of turbidities ee oe x 
e Fluorescence evaluation of powders, pastes, slurries, and 
solids, also for spot-tests on filter paper without elution CENTRAL SCIENTIFIC co. 
‘ * A Subsidiary of Cenco Instruments Corporation 
ety Write for Bulletin #392 to 1718M Irving Park Road * Chicago 13, Illinois 
= ® Boston « a Be ® Santa Clara e Los Angeles o tutes 
PHOTOVOQOLT CORP Houston « Toronto « Montreal e Vancouver « Ottawa 
® 
. 95 Madison Ave. New York 16, N.Y. 
y of 
Bio- 
rust. new 
its is e i 
a instruments 3 
: i= a ® 
tries. © s - 
Sub. for infusion i S y ig halei— , iDyal ver 
ssion < i » 
week and retracting | 7 
e e 
ment 
“ied of liquids choice of five speeds, a wide range of delivery rates is available, as 
pict indicated in the following table. 
con: This instrument has clinical applications in anaesthesia, surgery, 
f the ; gynecology, radiology and neuropsychiatry. It is particularly useful for 
administering small volumes of injectable drugs which are to be 
FOR GENERAL given over a period of time. 
APPLICATION 71-04990 Syringe Approximate Delivery Rates in Millileters per minute 
Driver and Kymograph Syringe Capacity 5 10 20 30 0=— 50 
(less drum and drum Speed No.1 = .0046 .0059 .0118 .0157 .024 
dae weiige. Without | Speed We. 2 = 023.030.059.078 .12 
a Speed No. 3 116 4.148 «4.29 «(39 (06 
y of 71-0499 Syringe Driver Speed No. 4 58 78 148 #196 3 
44th only. SpedNo.5 29 3.7 7.4 98 15 
Rep- Here is an economical and convenient means for de- 
; ivering small quantities of liquids at accurately con- 
ant ain . , SYRINGE RETRACTOR 
pre- A th hof r : | Similar to the Bird Syringe Driver, (Catalogue No. 71-0499), but is de- 
nais- t readed sha t, carrying a syringe holder and a signed for withdrawing samples of blood (or other liquids) at accurately 
pusher, is mounted in place of the regular drum spindle controlled rates. 
veth- and rotated in the same manner. Syringes are clamped in 71-04992—Syringe Retractor and Kymograph (less drum and drum Shaft) 
will place, or released by turning a single thumbscrew. The and without syringe. 
unit is designed to be attached to, and driven by, our 71-04991—Syringe Retractor, complete with change-gears. 
Bird Kymograph #70-060. This propeller may be used 
ined ymograp prope y 
ith ili " . 
“e an Soaaes facility on our older model (four-speed kymo Pili PRPS EX [3] RD, INC. 
The Since any Luer syringe, from 5 ml. to 50 mil. capacity Manufacturers & Distributors of Scientific Equipment 
eries may be used, and since the kymograph drive provides a La) 6th & Byrd Streets - Richmond, Va. 
ppli- 
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SCIENTIFIC INDUSTRIES 


ULTRA-BURET 


A NEW INSTRUMENT THAT 

GIVES YOU . 

@ PRECISE CONTROL OVER ULTRA- 
MICRO QUANTITIES—Markings to 
.001 ml.; can be read to .0001 mi. 

a HIGH CAPACITY—up to 7 ml. with- 
out refilling. Ultra-micro and macro. 
@ EASY READING ON CALIBRATED 
WHEEL—No meniscus; simple reset 

to zero to start each titration. 

@ INSTANT SPEED ADJUSTMENT— 
Perfect control without use of valves 
or stopcocks. Just turn the wheel. 

Take Advantage of our 
30 Day Test in your laboratory 
Ask your Laboratory Supply 
Dealer for particulars 
write for Descriptive Bulletin! 


SCIENTIFIC INDUSTRIES, INC. 


27 Park Street Springfield 3, Mass. 











PSYCHOPHARMACOLOGY 


AAAS Symposium Volume 
edited by 
Nathan S. Kline 


6” x 9”, clothbound, 175 pp., 
biblio <a index, 1956 
3.50 ($3.00 for 
cash orders by AAAS members) 


This volume consists of material pre- 
sented at the first major conference on 
the remarkably successful use of new 
drugs such as chlorpromazine in the 
treatment of mental disease. 


“The authors are competent and care- 
ful workers who have approached this 
problem with a scientific attitude .. . 
Throughout the volume runs the thread 
of caution . . . New vistas are being 
opened for the psychiatrist, the neurolo- 
gist, the physiologist, the psychologist, 
the pharmacologist, and the chemist.” 
Foreword, Winfred Overholser. 


“This volume is not a reference in- 
tended for use at the introductory stu- 
dent level. It can be reviewed with in- 
terest, however, by any serious member 
of the reading public.” American Journal 
of Pharmaceutical Education, July 1956. 


At all book stores or write 
American Association 


for the 


Advancement of Science 
1515 Massachusetts Ave., NW 
Washington 5, D.C. 
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cations of infrared techniques. It is spon- 
sored by the Office of Naval Research 
and is conducted under joint direction 
of the military services. 

Thomas B. Dowd of the Office of 
Naval Research, Boston (495 Summer 
St.), is in charge of invitations. Pro- 
gram chairman is William L. Wolfe, 
head of the Infrared Information and 
Analysis Center at the University of 
Michigan’s Willow Run Laboratories. 


Biology Teaching 


The College Entrance Examination 
Board Conference on Advanced Place- 
ment in Biology will take place 25-27 
June at Chatham College, Pittsburgh, 
Pa. Collegiate and secondary-school ad- 
ministrators and faculty will participate 
in workshop sessions on the instruction 
of able students especially interested in 
biology, and will hear talks on biology 
curricula and teaching. In addition to a 
representative from the College En- 
trance Examination Board program in 
advanced placement, speakers will in- 
clude Oswald Tippo, Eaton professor of 
biology and director of the Marsh Bo- 
tanical Garden, Yale University. 

The conference is open to all inter- 
ested educators. Information and appli- 
cation blanks may be obtained by writ- 
ing to the conference chairman, Dr. 
Phyllis C. Martin, Chairman of the De- 
partment of Biological Sciences, Chat- 
ham College, Woodland Road, Pitts- 
burgh 32, Pa. 


Forthcoming Events 


July 


12-17. American Waterworks Assoc., 
annual conv., San Francisco, Calif. (H. 
E. Jordan, AWA, 521 Fifth Ave., New 
York 17.) 

13-17. National Assoc. of Power En- 
gineers, natl. conv., Boston, Mass. (A. F. 
‘Thompson, Secretary, NAPE, 176 W. 
Adams St., Chicago, IIl.) 

13-17. Plastic Surgery, 26th intern. 
cong., London, England. (D. Matthews, 
Organizing Secretary, Intern. Cong. on 
Plastic Surgery, c/o Inst. of Child Health, 
Hospital for Sick Children, Great Ormond 
St., London, W.1.) 

13-17. Standardization, intern. (coun- 
cil meeting), Geneva, Switzerland. (ISO, 
1-3, rue Varembe, Geneva. ) 

15. American Soc. of Facial Plastic Sur- 
gery, New York, N.Y. (S. M. Bloom, 123 
E. 83 St., New York 28.) 

15-17. Fluorine Chemistry, symp., 
Birmingham, England. (Chemical Soc. 
of London, Burlington House, Piccadilly, 
London, W.1.) 

15-17. Shaft Sinking and Tunnelling, 
symp., Olympia, London, England. (Insti- 
tution of Mining Engineers, 3, Grosvenor 
Crescent, London, S.W.1.) 

15-18. British Assoc. of Urological Sur- 
geons (members and guests), Glasgow, 





Scotland. (Joint Secretariat, 45, Lincoln's 
Inn Fields, London, W.C.2, England.) 

15-18. British Cong. of Obstetrics and 
Gynaecology, 15th, Cardiff, Wales. 
(BCOG, Maternity Hospital, Glossop 
Terrace, Cardiff. ) 

15-24. British Medical Assoc., Edin- 
burgh, Scotland. (BMA, Tavistock Sq., 
London, W.C.1, England. ) 

16-24, Canadian Medical Assoc., 92nd 
annual meeting in conjunction with the 
British Medical Assoc., Edinburgh, Scot- 
land. (A. D. Kelly, CMA, 150 St. George 
St., Toronto 5, Ontario, Canada. ) 

17. High Energy Nuclear Physics, 9th 
annual intern. conf. (Intern. Union of 
Pure and Applied Physics, Moscow, 
U.S.S.R.). (R. E. Marshak, Univ. of 
Rochester, Rochester, N.Y.) 

19-24. American Crystallographic As- 
soc., Ithaca, N.Y. (J. Waser, Rice Inst., 
Houston 5, Tex.) 

19-25. Pediatrics, 9th intern. cong., 
Montreal, Canada. (R. L. Denton, P.O. 
Box 215, Westmount, Montreal 6.) 

20-26. Radiation and Atmospheric 
Ozone, joint symp., by Intern. Union of 
Geodesy and Geophysics and World Mete- 
orological Organization, Oxford, England. 
(WMO, Campagne Rigot, 1, avenue de 
la Paix, Geneva, Switzerland. ) 

22-23. Rocky Mountain Cancer Conf., 
Denver, Colo. (N. Paul Isbell, 835 Re- 
public Bldg., Denver 2.) 

23-30. Radiology, 9th intern. cong., 
Munich, Germany. (Sekretariat des 9 In- 
ternationalen Kongresses fiir Radiologie, 
Reitmorstrasse 29, Munich 22.) 

26-30. International Psychoanalytical 
Assoc., Copenhagen, Denmark. (Miss P. 
King, 37 Albion St., London, W.2.) 

27-4. International Federation of 
Translators, Bad Godesberg, Germany. 
(Dritter Internationaler FIT-Kongress, 
Kongress Sekretariat, Bundesverband der 
Dolmetscher und Ubersetzer e. V. (BDU) 
Hausdorfstrasse 2, Bonn, Germany.) 

30-31. Computers and Data Processing, 
6th annual symp., Estes Park, Colo. (W. 
H. Eichelberger, Denver Research Inst., 
Univ. of Denver, Denver 10, Colo.) 


August 


1-8. World Congress of Esperantists, 
44th, Warsaw, Poland. (Office of Intern. 
Conferences, Dept. of State, Washington 
25.) 

4-5. American Astronautical Soc., 2nd 
annual western, Los Angeles, Calif. (A. P. 
Mayernik, AAS, 6708 53 Rd., Maspeth 
78, N.Y.) 

6-8. Human Pituitary Hormones, col- 
loquium (by invitation only), Buenos 
Aires, Argentina. (G. E. W. Wolsten- 
holme, Ciba Foundation, 41 Portland 
Place, London W.2, England.) 

9-12, American Soc. of Mechanical 
Engineers (Heat. Transfer Div.), conf., 
Storrs, Conn. (D. B. MacDougall, ASME, 
29 West 39 St., New York 18.) 

9-15. Physiological Sciences, 21st in- 
tern. cong., Buenos Aires, Argentina. (C. 
F. Schmidt, Univ. of Pennsylvania School 
of Medicine, Philadelphia 4.) 

10-13. National Medical Assoc., De- 
troit, Mich. (J. T. Givens, 1108 Church 
St., Norfolk, Va.) 


(See issue of 15 May for comprehensive list) 
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Vol. 10 June 1959 Approx. 492 pages 


ANNUAL REVIEW OF 


PLANT PHYSIOLOGY 


Prefatory Chapter 

Foliar Absorption of Mineral Nutrients 

Leaf Proteins 

Light-Induced Reactions of Bacterial Chromato- 
phores and. Their Relation to Photosynthesis 

The Structure of the Chloroplast 

Active Transport of Salt into Plant Tissue 

Respiratory Mechanisms in Higher Plants 

Photoperiodic Control of Floral Induction 

The Lignins 

Fat Metabolism in Higher Plants 

The Pine Tree 

Physiology of Virus Diseases 

Plant Chemotherapy 

The Macronutrient Elements 

Nitrogen Nutrition 

Metabolism of Carbon Compounds 

The Chemical Regulation of Growth 

Auxins and Fungi 

Phototropism and Phototaxis 


$7.00 postpaid (U.S.A.); $7.50 postpaid (elsewhere) 


ANNUAL REVIEWS, INC. 


Grant Ave., 
Palo Alto, California 


























RELIABILITY is a must 
when tissue culture research 
demands special serums 


Tissue culture laboratories throughout 
the nation find the imperative ingredient... 
reliability ...at Colorado Serum Co. 


Thirty-five years of serum production experience 
and constant research are embodied in every product. 
To insure the highest quality in a wide selection 

of animal bloods and serums, Colorado Serum Co. 
maintains a variety of fine animals. 


Order with confidence from Colorado 
Serum Co. 







WRITE FOR 
FREE CATALOG _B 
TODAY 

No salesman 
will call 











COLORADO |;:| SERUM CO. 


laboratory and General Office PEAK OF QUALITY 
4950 York Street— Denver 16, Colorado—MAin 3-5373 
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MATHEMATICS 





Expanding the 
Frontiers of Space 
Technology 


Mathematics is fundamental to the advancement of 
missile and space technology at Lockheed. Numerical 
analysis plays a key role, especially in connection with 
Lockheed’s advanced computer center. Game theory, 
queuing theory, probability theory and modern 
algebras are important in the development of 
mathematical models for the design and understanding 
of subjects as wide-ranging as logical computing 
systems and the forecasting of financial requirements. 
The understanding and solution of complex orbit and 
trajectory problems associated with space navigation 
place heavy emphasis on geometry and analysis. 
Lockheed’s computer center is one of the largest and 
most modern in the world. It includes two digital 
Univac 1103A models, three 100-amplifier, three 
60-amplifier and two 20-amplifier analog computers. 
Scientists and engineers of outstanding talent and 
inquiring mind are invited to join us in the nation’s 
most interesting and challenging basic research 
programs. Write: Research and Development Staff, 
Dept. F-44, 962 W. El Camino Real, Sunnyvale, Calif. 
U.S. citizenship required. 

“The organization that contributed most in the past year 
to the advancement of the art of missiles and astronautics.” 
NATIONAL MISSILE INDUSTRY CONFERENCE AWARD 


Lochheed 


MISSILES AND SPACE DIVISION 


Weapons System Manager for the 
Navy POLARIS FBM; DISCOVERER SATELLITE; 
Army KINGFISHER; Air Force Q-5 and X-7 


SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIFORNIA 
CAPE CANAVERAL, FLORIDA + ALAMOGORDO, NEW MEXICO + HAWAII 
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A TIME TAPE 

or LABEL 
eliminates contact 
... the major cause 
of contracting 


STAPH! 


Be SAFE... be SURE, always use TIME 
TAPE or LABELS — the safest, fastest and 
most modern labeling procedure ever de- 
veloped. They are pressure-sensitive and 
resist heat, cold and moisture. They require 
no wetting or licking to use. ‘Simply apply 
and press on! 


Complete labeling procedures available for every depart- 
ment in the hospital. Protect patient and personnel with 
TIME TAPES and LABELS! 


You are under no obligation to learn how you can eliminate 
contact and cross-infection. Simply write for complete infor- 
mation .. . today! 
Dept. 59L 
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PROFESSIONAL TAPE CO., INC. 
355 BURLINGTON RD. * RIVERSIDE, ILL. 








NEw 
ENGLAND 
NUCLEAR 


LARGEST PRODUCER OF RADIOCHEMICALS 


EXCLUSIVE WITH 
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CARBON-14 LABELED COMPOUNDS 


NEC-139 Dicumerol-methylene-C™* 


NEC-135 3,4-Dihydroxyphenylethylamine-1-C* 
(dopamine) 


NEC-164 Inulin-carboxyl-C’* 
NEC-150 Putrescine-1,4-C'* Dihydrochloride 
NEC-152 Triethylenemelamine-2,4,6-C'* (TEM) 


NEC-159 DL-Ureido-C**-succinic Acid 


NEW 1959 
CATALOG ON REQUEST 


land corp. ® 
57§ ALBANY STREET, BOSTON 18, 
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GLASS ABSORPTION 
CELLS 9 o"y°) KLEIT 


by 





SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Golorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 

















Klett Manufacturing Co. 
179 East 87 Street, New York, New York 

















SCIENCE ON 3 


MICROCARDS 


Volume 128 of SCIENCE, July-December 
1958, is now available on Microcards at $10.00. 
For the first time, the cards are printed front and 
back—and even less storage space is needed. 
Most back sets, starting with Vol. 117, January 
1953, have had to be reprinted—an indication of 
the growing need for this economic way of mag- 
azine storage. 


Order now from 


SCIENCE, 
1515 Mass. Ave. NW, Washington 5, D.C. 


SCIENCE ON MICROCARDS 
Vol. 128 July-December 1958 $10.00 
Vol. 117-127 Jan. 1953-June 1958 $7.50 each 
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New Products 


The information reported here is obtained 
from manufacturers and from other sources con- 
dered to be reliable, and it reflects the claims of 
the manufacturer or other source. Neither Science 
nor the writer assumes responsibility for the accu- 
racy of the information. A coupon for use in mak- 
ing inquiries concerning the items listed appears 
on page 1630. 


§cORE TESTER for automatic grading of 
ferrite memory cores 0.080 in. in diam- 
eter operates at a maximum rate of 3600 
cores per hour. The tester provides for 
separation of the tested cores into five 
grades. The core to be tested is automa- 
tically positioned to be carried into two 
sets of contacts. Programmed pulses are 
applied to the core by one set of con- 
tacts, while the second set picks up in- 
duced voltage output. The response can 
be examined by the operator or by an 
automatic decision-making circuit. (Rese 
Engineering Inc., Dept. 854) 


@?RITIUM SURVEY METER continuously 
monitors atmospheric and surface radio- 
active contamination from tritium, car- 
bon-14 and other low-energy beta emit- 
ters. The instrument uses a flow-through 
ionization chamber, a continuous air-in- 
take system, and an electrometer ampli- 
fier. A “sniffer” hose permits spot-check 
monitoring. The instrument’s front panel 
meter is calibrated to read directly in 
microcuries of tritium per cubic meter 
of air. A warning alarm and connections 
for operation of a 100-mv recorder are 
included. (Atomic Inc., 
Dept. 862) 


Accessories 


LABORATORY CHEMICAL CATALOG of 
British drug houses provides 336 pages 
of information about 6500 organic and 
inorganic chemicals, solutions for ana- 
lytical indicators, microscopical 
stains, resins, dyes, and so forth. (Ealing 


Corp., Dept. 863) 


use, 


TRANSDUCER that converts 
pressure to frequency combines a react- 
ance-controlled subcarrier oscillator and 
a single-coil, variable-reluctance pressure 
pickup. The oscillator and pickup are 
closely matched, and nonlinearity does 
not exceed +1 percent. Since the pres- 
sure-sensitive diaphragm is the only 
moving part, the transducer is resistant 
to shock vibration and _ acceleration. 


(Ultradyne, Inc., Dept. 866) 


§ PRESSURE 


"POWER SUPPLY provides output from 
500 to 2500 v at 0 to 10 ma d-c. Polarity 
is reversible, and current and voltage 
meters are provided. Regulation against 
line voltage fluctuations is said to better 
than +50 parts per million, ripple less 
than 10 parts per million, and load regu- 
lation better than + 60 parts per million 
over the entire output range. The in- 
Strument uses printed circuits. (NJE 
Corp., Dept. 873) 
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® PULSE-HEIGHT ANALYZER consists of a 
single-channel analyzer containing a non- 
overloading linear amplifier, an elec- 
tronic sweep-count-rate-meter, a high- 
voltage supply, and a strip-chart re- 
corder. The electronic sweep circuit is 
used to scan the spectrum between any 
two predetermined levels from 0 to 85 
v. The scan is performed automatically; 
after each scan the device resets and re- 
peats the cycle. An automatic sample- 
changer accessory can be used to change 
Radi- 
Lab.. 


the sample at the time of reset. 
ation Instrument 
Inc., Dept. 869) 


Development 


™ DIFFERENTIAL TRANSFORMERS are able 
to operate continuously at 1000°F and 
to withstand 2000°F for periods up to 
5 min. The two models available are 
designed to measure displacements up to 
+0.150 and +0.500 in. respectively. 
Coils are wound on ceramic bobbins, 
and leads are terminated on lugs. Lead 
wires are up to 3 ft long. (Automatic 
Timing & Controls, Inc., Dept. 864) 


™ PENETRATION TESTER determines the 
sizing of a paper sample by photoelec- 
tric measurement of light reflectance 
from the sample during penetration by 


¢ 14 
-LABELED 


RADIOCHEMICALS 


Buy Direct 
prom the 


LARGE 
STOCKS 


Amino Acids Fatty Aci 


mel ceteris ctelar 


WRITE TO 
DEPARTMENT A 
FOR CATALOG 


LARGE 
STOCKS 





AVAILABLE FROM STOCK 


N-Acetyl-1-C'*-L-Glutamie Acid 














RADIOPURITY 
GUARANTEED 
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Radioautographs of p 


chromatograms with each 
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RSCo 


RESEARCH SPECIALTIES CO. 





200 SOUTH GARRARD BLVD. 


RICHMOND, CALIF. 
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a test liquid. The time required for the 
test liquid to penetrate to the point 
where reflectance is reduced to a pre- 
determined percentage of its original 
value is measured. (Thwing-Albert In- 
strument Co., Dept. 868) 


TEST OSCILLATOR, 
circuitry, 


with all-transistor 
provides eight preset frequen- 
cies, specified by the customer, between 
50 cy and 150 kcy/sec and selectable by 
pushbutton. The instrument is portable 
and is powered by nine 1.3-v mercury 








PERSONNEL PLACEMENT i 


batteries. The circuit is of the Wien 
bridge type. Amplitude control is ac- 
complished with delayed automatic- 
gain-control voltage fed back to a regu- 
lator circuit. Frequency accuracy is + 1 
percent, and level stability with fre- 
quency change is +2 percent. Maximum 
output is 2.0 v r.m.s. and 5.00 ma r.m.s. 
Distortion is less than 1 percent from 
100 cy to 110 kcy/sec and less than 2 
percent from 50 cy to 150 kcy/sec. 
(Consolidated Electrodynamics Corp., 


Dept. 883) 





® LiQUID FEEDER meters liquid chemicals 
at flow rates from 0.1 to 4 gal/day into 
a liquid stream. The device includes a 
built-in ejector, a corrosion-proof plas- 
tic body, and a porous stone through 
which the chemical is fed. The liquid 
must be free of suspended solids and 
must be sufficiently transparent to per- 
mit the scale of the device to be seen, 
(Fischer and Porter Co., Dept. 870) 

JosHua STERN 
National Bureau of Standards, 
Washington, D.C. 

















CLASSIFIED: Positions Wanted, 25¢ per 
word, minimum charge $4. Use of 
Box Number counts as 10 additional 
words. Payment in advance is required. 
Positions Open, $33 per inch or frac- 
tion thereof. No charge for box 
number. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion 
4 times in 1 year 
7 times in 1 year 
13 times in 1 year 
26 times in 1 year 26.00 per inch 
52 times in 1 year 25.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, D.C. 


$33.00 per inch 
30.00 per inch 
28.00 per inch 
27.00 per inch 














(MI) rosrrions oreN ii 





(a) Biochemist; research-minded Ph.D. well 
trained in enzymology; full responsibility re- 
search laboratory in medical department, out- 
standing midwestern hospital; general studies 
in kidney, liver research; possible hospital, med- 
ical school faculty appointments; to about $10,- 
000. (b) Bacteriologist; M.S., Ph.D., experi- 
enced in cancer research; new research facility, 
university affiliated; to $12, 500; East. (c) Bio- 
chemist; Ph.D. qualified in clinical chemistry ; 
direct laboratory staff of 30 to 35; 400-bed vol- 
untary general hospital; new facility comers 
late 1959; vicinity $10, 000; California. (d) Bac- 
teriologist; M.S.,; 2h. Di to head department, 
fully approved 300-bed general hospital; Chicago 
area. (e) Biochemist; M.S., Ph.D., to head 
clinical section, supervise eight ; research oppor- 
tunity; must have hospital experience; to $10,- 
000; 400-bed university affiliated general hospi- 
tal; Midwest. Woodward Medical Bureau, Ann 
Woodward, Director, 185 North Wabash, Chi- 
cago. x 
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Expedition. 





Recent Graduates and Experienced Personnel! 
SEEKING OR ANTICIPATING A CHANGE OF POSITION? 

We are the Nation’s headquarters for placement of all-level 
BIOLOGISTS, CHEMISTS, ADMINISTRATORS, PHYSICISTS, MATHEMATI- 
CIANS, ENGINEERS in INDUSTRY, COLLEGES and UNIVERSITIES, 
HOSPITALS, GOVERNMENT. 

Our all-scientist, professorial group gives YOU and YOUR POTENTIAL EMPLOYER the very 
best placement counsel. We serve your personal and career needs. Challenging positions 
offering professional satisfaction, middle and upper income earnings, are currently ava‘lable, 
e.g., JUNE to SEPTEMBER. Administrative Research Biologist (Geneticist, Endocrinologist, or 
Pharmacologist) , Industry; Aero-Medical Scientist (Biochemist, Biophysicist, and Physiolo- 


gist), University-Hospital; Food Technologist (Agricultural Scientist or Chemist) , 


Operation—Latin America; Earth Scientists (Geophysicist and Oceanographer), 


Enquire in strict confidence of Dr. A. H. Hammond, Liaison Officer, 
NATIONAL SCIENTIFIC PERSONNEL BUREAU, 
Main Post Office, Box 2707, Washington 13, D. C. 


Overseas 
Private 


INC. 














BIOCHEMIST, 
Ph.D. 


Biochemist with industrial or uni- 
versity experience to pursue funda- 
mental program in Atherosclerosis. 
SEND RESUME TO 
Supervisor—Technical Employment 
WARNER-LAMBERT 
RESEARCH INSTITUTE 


Morris Plains New Jersey 














Bacteriologist. Ph.D. or M.D. with training 
and interests in tuberoculosis for résearch asso- 
ciateship in broad program on the biology and 
therapy of pulmonary disease in man and_sub- 
human primates. Reply to Director, The Christ 
Hospital Institute of Medical Research, Cincin- 
nati 19, Ohio. sdb 





Biochemist wanted to end biochemistry division 
of research department at leading specialty hos- 
pital. Address inquiries to Mrs. Carol Martin, 
Secretary, Department of Research, 218 Second 
Avenue, New York 3, N.Y., or call ORegon 
4-6760. 6/12 





(a) Clinical Investigator and, also, Medical 
Writer; former will travel 1/3 to 1/2 of his 
time, arranging traveling to his own conveni- 
ence; medical writer should have excellent 
writing skills; medical and Ph.D. degrees for 
both positions; $12,000-$15,000; East. (b) 
Microbiologist and Virologist, Ph. D. degrees de- 
sirable; experience principally in tissue culture 
and serology; research laboratories, large city in 
the East; four medical schools. (c) Biochemist, 
Ph.D., well qualified in enzymology and ultra- 
microtechnique ; will conduct research and serve 
as head of clinical tissue department; new build- 
ing, important unit of large medical center 
afhliated with school of medicine; large city, 
Midwest. (d) Physician to handle clinical re- 
search liaison work for international medical 
staff; duties consist principally of handling cor- 
respondence with clinical investigators in Europe 
regarding studies of products; possibility of for- 
eign travel; knowledge of French or German 
helpful. (e) Pharmacologist with either Ph.D. 
or M.D. or combination; capable administrator 
required; one of leading pharmaceutical com- 
panies. (£) Parasitologist; research department, 
group of well-qualified internists; should be 
qualified to handle tests for both clinical and re- 
search purposes; vicinity Chicago. 8) Two 
Technologists; preferably B.S. or M.S. degree, 
experienced in all phases of modern procedures 
including parasitology and bacteriology; foreign 
laboratories, large industrial company. (h) Two 
Technologists with broad educational back- 
grounds, preferably B.S. or M.S.; thoroughly 
familiar with all phases of modern laboratory 
techniques including parasitology, bacteriology ; 
300-bed general hospital, JCAH approved; for- 
eign operations, major industrial company. S6-2 

Medical Bureau, Burneice Larson, Director, 900 
North Michigan Avenue, Chicago. x 





Experimental Psychologist (1) and Physiologist 
(1), M; Ph.D. in Experimental or M.A. plus 
2 years’ experience in human factors research 
dealing with vibration and man-machine rela- 
tionships ; salary open, many extras; position in- 
volves research in the areas of psychological and 
physiological response of the human body to vi- 
bration and the effect of large displacement 
vibrations on human performance; research and 
development work in pre ae with the hu- 
man factors staff of a large midwestern indus- 
trial seating manufacturer ; permanent position. 
Please reply using full résumé to J. W. Gehm, 
Jr., Bostrom Research Laboratories, 133 West 
Oregon Street, Milwaukee 4, Wis. 6/19 








MICROBIOLOGIST 


Challenging position as a supervisor 
working on the development of micro- 
biological assays for vitamins and anti- 
biotics. Applicant should have B.S. or 
M.S. in microbiology with 2 to 5 years of 
related industrial experience. Excellent 
facilities in the Brooklyn Biological Con- 
trol Laboratories. Send résumé to: 


R. J. Taylor 
Chas. Pfizer & Co., Inc. 


11 Bartlett Street 
Brooklyn 6, New York 














Organic Chemist, Ph.D., for isolation and puti- 
fication of metabolic products of microorganisms 
including antibiotics. With leadership abilities 
to supervise research group. Write to Employ- 
ment Division, Abbott Laboratories, North Chi- 
cago, Illinois. 6/19 





Pharmaceutical Chemist, qualified to head new 
products department. Set up and administer re 
search and development of processes and pr 

ucts. Aggressive, imaginative, fast-growing or- 
ganization that values creative thinking and 
enthusiasm. Ideal working conditions. Top_pay 
and profit-sharing plan. K-V Pharmacal Com- 
pany, St. Louis 17, Mo. x 
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os. | | ORGANIC CHEMIST, FE tod and EBug 
ough Ph.D FEB crearch Heaaberaterics 
iquid —* ¢ arke ace e .¢ OR © OO. 8 A TED 
and Organic Chemist for experimental BOOKS + SERVICES » SUPPLIES - EQUIPMENT Maurice Avenue at 58th Street 
per- research program. Industrial or Maspeth 78, New York City 
seen peg a sep ewe! em- DISPLAY: Monthly invoices will be sent a 
y asis will be on natural products. on a charge account basis—provided 
0) e P Ss P that satisfactory credit is established. LABORATORY SERVICES 
TERN SEND RESUME TO Single insertion $33.00 per inch for the FOOD, FEED, DRUG and 
; - 4 times in 1 year 30.00 per inch CHEMICAL INDUSTRIES 
Supervisor—Technical Employment a times in : year 28.00 per inch Analyses, Biological Evaluation, 
v imes in 1 year -00 per inch Toxicity Studies, Insecticide Testi 
WARNER LAMBERT 26 times in 1 year 26.00 per inch and icietaiee, Flavor Ccclnation. ag 
a RESEARCH INSTITUTE 52 times in 1 year 25.00 per inch Peaieet bs col mana 
Morris Plains New Jersey For PROOFS on display ads, copy must roject Research and Consultation 
reach SCIENCE 4 weeks before date Write for Price Schedule 
c* issue (Friday of every week). [-. ©. Box 2217 * Madison 1 ws, | 
Physician, not over 35, male, single or married. : eden = 
Experience not necessary. Salary open. M.D. 


licensed in Illinois (wili accept M.D. who is 2 i i = 2 a= «aaa a «a GE «uEES auume 

eligible to receive license in Illinois). Applicant 
| must have interest in blood bank work, includ- 
ing whole blood, plasma and serums, and clinical 
laboratory methods. Opportunities for research. 
Eventually can become associate director to 
present medical director. Box 135, SCIENCE. 
6/12, 19, 26 


USE THIS EASY SELF-MAILER to obtain 
further information 
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| no L. ce 
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“Physicist or 
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ory . 
. Optical Engineer Information Requisition 
af For development and testing in te " ‘ F i 
bas Polarization, Ellipticity, Retardation of It's simple: Mark—Clip—Fold—Mail—No stamp required 


* Light, Electro and Magneto Optics, 


This coupon is for your convenience—to facilitate your requests for further 
Optical Design. 


information about advertised products and items in New Products. This cou- 
pon is good for 3 months only. 
Please forward resume to O. C. 



































Rudolph & Sons Inc., P.O. Box 446, From: 
ologist Caldwell, New Jersey. RG arent aie sks 5 hj0e sae Males GW, Sco sc o Gearex PE rE 
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ion in- SCIENCE TEACHERS, LIBRARIANS, AD- 
al and MINISTRATORS urgently nceded for posi- Ee Ir ne RAR Pee Bh 
to vi- tions in many states and foreign lands. Monthly 
cement non-fee placement journal since 1952 gives com- ‘ 
ch and plete job data, salaries. Members’ qualifications City a yp eee State eoecccccce Sees 
he hu- and vacancies listed free. 1 issue, $1.00. Yearly (Please print or type) 
indus- (12 issues) membership, $5.00. CRUSADE, 
psition, SCI., Box 99, Station G, Brooklyn 22, N.Y. ew Mark, clip coupon—-FOLD HERE along this line—mail 
Biss. Applications are invited for two lectureships 
I in zoology. Appointees will engage in teaching 5: 
and research. Salary within the range of £1500- No 
$0-£2100 (Aust.). Further information obtain- Postage 
able from the Registrar, University of Sydney, . “ Postage Stamp 
‘ Sydney, Australia. Applications close on 25 July Will be Paid Necessa 
isor 1959, or as soon as possible thereafter. >, ‘tasted en 
cro- ~ if Mailed in the 
nt | | [i rosrrions wane [iil United States 
s of Anatomist, D.D.S., Ph.D.; teaching, research, 
and administrati ion in medical or dental school; 
lent publications in tissue homotransplantation. Box 
on- 124, SCIENCE. 6/12 








BUSINESS REPLY MAIL 


Biochemist, Ph.D.; minors, physics and micro- First Class Permit #12711 New York, N.Y. 


biology ; currently” on postdoctorate fellowship, 
seeks teaching post with facilities for indepen- 
dent research. Box 145, SCIENCE. x 











Biochemist, Ph.D., 34. Nutrition research, uni- 
versity teaching, clinical chemistry experience. 
Desires research and/or hospital position. Pre- 
fers university center. Available fall. Box 146, 
CIENCE. 6/19 


R eaders . Geis 
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ence; M.S. Seeks Ph.D. plus opportunity to New York 36, New York 
ad new earn maintenance simultaneously. Box 129, 
ster re- SCIENCE 6/12 
1 prod- 
ing or- oy Ph.D. Competent in virology, tissue 
1g and culture, and phages. Broad experience in medical 
op pay bacteriology, TOCTENCE Desires research posi- 
| Com- tion. Box 138, SCIENCE. 6/12, 19 Fasten Here Only 

x Staple, Tape, Glue 
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PUBLISHER ®° Fine quality books 


@ High royalties Convenient — Inexpensive 
Guarantees e Early publication Socios ‘tes 


AUTHORS M4 ae pen cedrory a Marking Zero Retention Time On of the veterinarian 


5 t . 
Book length fiction or non-fiction eee Chromatograph Records from a winners 
scripts accepted on our subsidy publishing Pica Re . HYPOPHYSECTDMIZED 
sien. Send for fren britesas: a6, lonization Type Detection Cells RATS 


t 
1106 N. Weber No interference with recording circuits; com- 


® CHARLES RIVER CD 'Caesarean-derived) 
5 tsid In- 
ASPEN PRESS Coloraco Springs, Colo. UNA fe uae Mago: kon waptel Soc moork * CHARLES RIVER S D (Sprague-Dawley 
ing record on other electronic recorders descendants) 


{IMI SUPPLIES AND EQUIPMENT HHH * CHARLES RIVER W_ (Wistar descendants) 
THE CHARLES: RIVER BREEDING LABS 


e HYPOPHYSECTOMIZED RATS LARERATORIEE, BIC. Dept. B 1093 Beacon St. Brookline 46, Mass 


~~ to all points via Air Express 140 North Barnard Street 
or further information write 


HORMONE ASSAY LABORATORIES, | pgempsy eo opine 
nc. a mK 1919 - 1959 
8159 South Spaulding Ave., Chicago d9, Ul. Telephone AD 6-6262 or AD &-2062 LaMotte a 
———— — Chestertown, Maryland, U.S.A. 
Specialists in 
wv dees “lian ais Colorimetric Techniques 
Reagents-Standards-Comparators 
Send for Illustrated 
Controls Handbook Dept. H 

















Write, Wire, Telephone for details 
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FREE cubeerip- G as 


tion 


; GRAPH cme Chromatography 
< " publication on new developments in gas 
Rk ea d. er. 4 erutce chromatography. We offer a complete selection 


of essential supplies and the Aerograph line 

of GLPC ay 
Send our free subscription today 

WILKENS. INSTRUMENT & RESEARCH INC. 


° et Box 313, Walnut Creek, California YEllowstone 5-1469 
Information Requisition 


Doe You Need: 
Use this easy self-mailer to obtain further information about Silicic Acid? 


items or literature from the New Products section as well as (Specially prepared for lipid chromatography) 
advertised products. ASK FOR PRICE LIST SSA 


GET Laboratories 


32nd & GRIFFIN AVE. » RICHMOND, CALIFORNIA 








NEW PRODUCTS 


854 862 863 


883 Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
——— files you are willing to sell at high mar- 
et prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 
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lower ad, | inside ad, M middle ad, and O outside ad. The covers are RESEARCH 
designated by IFC (inside front cover), IBC (inside back cover), and OBC Editor: Reidar F. Sognnacs 
(outside back cover). Advertisements in Personnel Placement and Market Price $6.75; ae or prepaid 
Place are not keyed. A multiplicity of items is indicated by *. Readers are 246 pp. 49 illus., index, clothbound. 1955 
requested to specify on this coupon the particular item in which they are This is the first monograph specifi- 
interested; otherwise, the request cannot be processed. cally devoted to data from the experi- 
mental production and prevention of 
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ae Economical! 


INTERNATIONAL'S 
ALL-NEW MODEL UV 
UNIVERSAL CENTRIFUGE 5 


This latest contribution to centrifuging 
progress combines in one moderately 
priced unit all the features most wanted 
by medical and industrial laboratories. 


STREAMLINED DESIGN! Cabinetized construction 
adds new eye appeal to traditional International 
“work horse” ruggedness. Unitized control panel 
simplifies operation. Convenient storage space keeps 
accessories handy. 


WIDE-RANGE VERSATILITY! Swings more than 80 
different accessory combinations . - - at speeds up to 
5400 RPM. For example: 4 one-liter bottles, 150 serum 
tubes, 6-250 ml bottles, 16-50 ml tubes. 


MOST-WANTED FEATURES! Stainless steel 
guard bowl makes cleaning easy- Electric 
tachometer, timer and brake assure accuracy .-- 
improve performance. Powerful series-wound 
motor is international-made for extra reliability. 


GET ALL THE FACTS about this modern, 
versatile, economical centrifuge . . . the one 

model you can standardize on for general-purpose 
laboratory work. 


INTERNATIONAL (IEC) EQUIPMENT CO 


’ E Ss 


Please rush complet 
e data on International’ 
s all-new MODEL UV Uni 
Universal Centrifu; 
ge 


and accessorses. Sold and ser viced the world over by authorized Internati 
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~ DISPOSABLE 


CAPILLARY PIPETTES | 


f 





us 
_ discarding 
after use 








e Saves time and expense of washing 


QUALITY AND SERVICE 


PIPETTES, Capillary, Disposable, glass, ungraduated, with long, 
machine-made capillary tips; useful for nonvolumetric transfer in 
hematological, clinical, bacteriological or micro laboratories. Low 
price makes it practicable to use them once and throw them away, 
thereby eliminating expense of washing. 

Both sizes have long capillary stems approximately 1 mm outside 
diameter; body is 7 to 7.5 mm outside diameter, with small con- 
striction approximately 34-inch below the upper end to retain a 
cotton plug. Suitable for use with Rubber Bulbs 1 or 2 ml. Without 
rubber bulbs. Sold only in original cartons containing 1 gross. 
8216-D. Pipettes, Capillary, Disposable, as above described. 


Overall length, approximate, mm... 145 230 
Length capillary stem, approximate, mm.....eeeee0. eee 120 


Per gross Pith ero ke 


10% discount in original case of 5 gross 

15% discount in lots of 10 gross ‘ Sin 

20% discount in lots of 25 gross in original cases, 
25% discount in lots of 50 gross or more \ °N@ Size or assorted 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on Thomas Laboratory Apparatus and Reagents 
VINE ST. AT 3RD ¢ PHILADELPHIA 5, PA. 





